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Proceedings. 
COUNCIL. 


At the Buffalo meeting of the American Chemical Society it 
was voted that the Council be requested to take into considera- 
tion ways and means for bringing the Summer meeting of the 
Society into closer relation with that of Section C of the A. A. 
A. S., so that both meetings, if possible, may be held within the 
same week, thus affording the opportunity for all chemists to 
attend both meetings. 

Inasmuch as both these bodies were well represented at the 
meeting referred to, it was suggested that a good deal of time 
could be gained by appointing then and there a committee of 
conference fromeach. ‘This was accordingly done, the commit- 
tee on the part of the American Chemical Society being Messrs. 
W. P. Mason, W. McMurtrie, Edward Hart, T. H. Norton and 
A. B. Prescott. 

A joint meeting of this Committee was held with a Committee 
of Section C, and the following recommendations were agreed 
upon : ‘ 

Ist. Section C to have a business meeting for purposes of 
organization on Monday of the week of meeting, and the Vice- 
President’s address to take place late in the afternoon of that 
day. 

2nd. The American Chemical Society to be given Monday 
and Tuesday for their work. 

3rd. Section C of the A. A. A. S. to be given the balance of 
the week. 

4th. The arrangement of the program for the reading of papers 
before the two bodies to be left to the discretion of the President 
of the American Chemical Society and the Vice-President of 
Section C of the A. A. A. S. 

These recommendations were approved by Council Oct. 27, 
1896. 
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In view of the increasing number of papers presented at the 
meetings, the Council has decided that the Troy meeting shall 
extend over three days if this shall be found necessary. 
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MEETINGS OF THE SECTIONS. 
RHODE ISLAND SECTION. 

A meeting of the Rhode Island Section was held at Provi- 
dence, on Thursday evening, October 29, 1896. 

Mr. E. D. Pearce mentioned the results of his experiments in 
bleaching brown tower acid. Samples of acid taken before and 
after bleaching were exhibited. Mr. Pearce also stated that 
the coloring matter of the anthers of the wild evening prim- 
rose was altered by acids and alkalies in the same way as 
turmeric. 

A paper was read by W. M. Saunders upon ‘‘ The Determina- 
tion of Sulphur in Iron.’' The reader described briefly the del- 
eterious effect of sulphur in iron. The small amount permitted 
in foundry work, and the difficulty of determining this amount 
was mentioned. 

Next a description of methods of analysis was given. The 
reader considered the evolution methods, although not in every 
case giving the full sulphur contents of the iron, to be accurate 
enough for practical purposes. The results compare favorably 
with the oxidation method. 





NEW YORK SECTION. 

The November meeting of the New York Section was held on 
the 6th, Professor McMurtrie in the chair, and fifty-one mem- 
bers present. 

The chair announced the acceptance by the executive com- 
mittee of an invitation from Drs. Morton and Leeds to hold the 
December meeting at the Stevens Institute of Technology. 

The death of Mr. Alfred H. Mason was announced and a 
sketch of his life was read. 

A motion was made and seconded that the executive commit- 
tee be recommended to authorize the secretary to employ a 
stenographer to report the discussions of papers presented. at the 
meetings ; such report, when properly edited, to be sent to the 
committee on papers, for publication in the Journal. 

The following papers were read : 
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‘‘The Volumetric Determination of Acetone,’’ by Dr. E. R. 
Squibb. 

‘‘ Notes on a Chemist’s Trip Abroad,’’ by C. A. Doremus. 

‘* A New Form of Pyknometer,’’ by J. C. Boot. 

‘‘Improvements in the Colorimetric Tests for Copper,’’ by 
Geo. L. Heath. 

‘* Note on Solubility of Bismuth Sulphide in Alkaline Sul- 
phides,’’ by Geo. C. Stone. 

The meeting then adjourned. 


CINCINNATI SECTION. 


The meeting was held on November 17, in the Lloyd Library. 
After welcoming the Society, Prof. J. U. Lloyd read a paper en- 
titled ‘‘ Bibliography of American Pharmacy,’’ giving a concise 
history of the different editions of the U. S. Pharmacopeia and 
its commentaries, the various dispensatories and formularies. 
This paper was rendered doubly interesting by the exhibition of 
the rare old editions of these works from the well-filled shelves 
of the Lloyd Library. Prof. O. W. Martin read a paper opening 
the discussion on the ‘‘ Teaching of Elementary Chemistry.’’ A 
contribution on this subject by Dr. James Lewis Howe was read 
by Mr. H. B. Foote. Excerpts from paper which Prof. Paul 
Freer presented at the summer meeting of American Association 
for the Advancement of Science, elicited considerable discussion 
by Dr. Springer, Profs. Norton, Martin and Homburg. 

Dr. William H. Crane, of Cincinrati was elected a member of 
the Section. 
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No. 14.] 
METAL SEPARATIONS BY MEANS OF HYDROCHLORIC 
ACID GAS,' 


By J. BIRD MOYER. 


Received September 26, 1896. 
INTRODUCTION. 


HE action of gaseous haloid acids upon metallic oxides and 
‘y their salts, is a field of investigation, which, though not 
of recent origin, has been but lately developed. It was Debray’ 
who first called attention to the volatility of molybdic acid in a 
stream of hydrochloric acid gas, with the formation of 
MoO(OH),Cl.,. 

E. Péchard’ applied this and showed that molybdic acid was 
completely eliminated and separated from tungstic acid, by its 
volatility in a current of hydrochloric acid. Since that time 
nothing further has been done with single haloid acids, in gas 
form, until quite recently. Compounds have been decomposed, 
salts volatilized, and separations made, by means of other gases 
and mixtures, which may be as effective as hydrochloric acid, 
but are not devoid of trouble nor nearly so neat. 

Smith and Oberholtzer* repeated and confirmed Péchard’s 


1 From author’s thesis presented to the Faculty of the University of Pennsylvania 
for the degree of Doctor of Philosophy, 1896. 

2 Compt. rend., 46 1098, and Ann. Chem. (Liebig), 108, 250. 

3 Compt. rend., 114, 173. 

4]. Am, Chem. Soc., 15, I. 
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work in regard to the separation of molybdic acid from tungstic 
acid, and in addition showed that gaseous hydrobromic, hydri- 
odic, and hydrofluoric acids acted similarly. Later, Smith and 
Maas’ made use of the volatilization of molybdic acid for a close 
atomic mass determination of molybdenum. 

Smith and Hibbs’ showed that vanadium behaved like molyb- 
denum. Hydrochloric acid gas completely eliminates vanadic 
acid from sodium vanadate. A little later they investigated the 
action of hydrochloric acid upon the: members of Group V of the 
periodic system.°* 

The sodium salts of nitric, pyrophosphoric, pyroarsenic and 
pyroantimonic acids were used. They found nitrogen, arsenic, 
and antimony to be volatile in gaseous hydrochloric acid, and 
made it the basis of a separation of phosphoric acid from nitric 
acid. Lead arsenate changed completely to chloride, the arse 
nic being volatilized, thus affording a good quick separation. 
Smith and Meyer‘ tried the action of all the haloid acids upon 
the elements of Group V of the periodic system. They worked 
with sodium salts and observed: I. That nitrogen was expelled 
completely by all the haloid acids. II. That phosphoric acid 
was not acted upon. III. That arsenic acid was fully expelled 
by hydrochloric, hydrobromic, and hydriodic acids, but only 
partially by hydrofluoric acid. IV. That antimony was com- 
pletely volatilized by hydrochloric acid. There was no work 
done on bismuth. V. Vanadium went over completely in 
hydrochloric acid, but only partially in hydrobromic and hydro- 
fluoric acids. VI. Columbium forms volatile products with 
hydrochloric and hydrobromic acids. No knowledge of didym- 
ium was obtained. VII. Tantalum is only slightly volatile 
in hydrochloric acid. 

P. Jannasch and F. Schmidt’ repeated some of the work of 
Smith and Hibbs, in which they confirmed the separation of 
arsenic from lead. They anticipated a slight portion of my 
work, and in addition separated arsenic acid from iron, tin from 


1 Ztschr. anorg. Chem., §, 280. 
27. Am. Chem. Soc., 16, 578. 

8 Jbid., 17, 682. 

4 [bid., 17, 735. 

5 Ztschr. anorg. Chem., 9. 274. 
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lead, tin from copper, and tin from iron, in a stream of hydro- 
chloric acid gas. 

The position of bismuth in the periodic system makes it 
natural to suppose that it too will be volatile in hydrochloric 
acid gas. This I have shown to be true, and was thus enabled 
to separate it from lead and copper. The action of hydrobromic 
acid on bismuth trioxide was alsotried; it formed the bromide 
and then volatilized. It requires a higher temperature and 
longer action than with hydrochloric acid. Because of lack of 
time, I have been compelled to abandon the experiments in- 
stituted with a view of affecting separations, in atmospheres 
of hydrobromic acid and hydriodic acid gas and have confined 
my labors to hydrochloric acid gas. 


METHOD OF WORK. 


The hydrochloric acid gas was generated by dropping con- 
centrated sulphuric acid from a separatory funnel, upon concen- 
trated hydrochloric acid contained in a three liter flask. The 
gas evolved at the ordinary temperature was dried by passing it 
through two sulphuric acid drying bottles and then through a 
calcium chloride tower, when it was considered sufficiently dry 
for the purpose. ‘The substance to be acted upon was weighed 
out in a porcelain boat and the latter was placed in a combus- 
tion tube of hard glass. 

The tube had previously been rinsed with alcohol and then 
with ether, to remove all moisture. The ether was removed by 
drawing a current of dry air through the tube. This tube was 
connected to a two-necked bulb receiver containing about 300 
cc. of distilled water. When working with arsenic ten cc. of 
nitric acid were added. The connecting tube from the combus- 
tion tube to the bulb receiver was made to enter the receiver and 
dip below the surface of the water, thus catching all volatile 
products, as well as taking up the hydrochloric acid gas. To 
insure safety from the loss of volatile products, a small flask 
containing water was-attached to the bulb receiver. The appa- 
ratus was controlled at both ends by stop-cocks. This is neces- 
sary to prevent backward suction on disconnecting the appara- 
tus. After the reaction was completed the boat was removed to 


Ls te Ronn ie ES 
perky at 
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a sulphuric acid desiccator from which the air could be 
exhausted. In general, the procedure was similar to that 
employed by Hibbs. ' 

I.—BEHAVIOR OF ANTIMONY TRIOXIDE. 


Antimony oxide, labelled chemically pure, was dissolved in 
hydrochloric acid and precipitated with a large amount of 
water. After washing by decantation it was redissolved and 
reprecipitated. This procedure was repeated several times, 
when it was precipitated by ammonium carbonate, washed, and 
ignited. The pure oxide obtained in this manner was sub- 
jected to the action of hydrochloric acid gas and it was found to 
volatilize completely. In each trial a one-tenth gram of the oxide 
was acted upon. Thetemperature varied between 150° and 190°C. 
It was determined in the following way: The combustion tube 
was slipped through two holes made in the sides of a copper 
drying oven. 

A very slow current of gas was used as the antimony seemed 
to volatilize more readily and completely, if the current was 
slow and the heat gentle. This I attribute, on reflection, to the 
fact that I ignited the oxide too strongly, (to a red heat) in its 
preparation. It dissolved with difficulty in concentrated hydro- 
chloric acid. Lack of time prevented the repetition of this 
experiment and the separation of antimony from lead and copper, 
in which this substance was used. About eight hours was the 
time required for the volatilization; very probably a shorter time 
would be required if the oxide had been obtained by gentle igni- 
tion. 

II.—BEHAVIOR OF LEAD OXIDE. 

Pure lead oxide was obtained from recrystallized nitrate, by 
careful ignition. This oxide changed completely into chloride 
at the ordinary temperature and it was only necessary to apply 
a gentle heat to complete the change and entirely remove the 
water formed. No volatilization was noticed until a tempera- 
ture of 225° was reached ; at this point the lead chloride slightly 
volatilized. 

I think it possible to estimate lead as chloride, if the tempera- 
ture is kept under 200°. A weighed amount of lead oxide was 


1 Thesis, 1896. 
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acted upon by hydrochloric acid gas in the cold, for two hours, 
and then heated sufficiently to remove all the water formed. 
The boat was cooled in the gas, and then placed in a sulphuric 
acid desiccator and allowed to stand one-half hour. It was then 
weighed. 
EXPERIMENTS. 


Lead oxide Leadchlo- Lead chlo- 


taken. ride obtained. ride required. Difference. 
Gram. Gram. Gram. Gram. 
Experiment I...... 0.1017 0.1267 0.1267 0.0000 
II .---. 0.1015 0.1258 0.1265 —0.0007 
III..... 0.1169 0.1454 O-1447 -++0.0007 


The lead chloride dissolved in hot water without residue. 


III.—THE SEPARATION OF ANTIMONY FROM LEAD. 
The oxides were carefully weighed and thoroughly mixed in 
a porcelain boat. Hydrochloric acid gas was passed over them 
in the cold, until the lead oxide had been entirely changed to 
the chloride. It was then heated with the smallest flame 
obtainable from a fish-tail burner, placed about two inches below 
the tube. 


Antimony tri- Lead chlo- Lead chlo- Lead chlo 
chloride taken. ride taken. ride obtained. ride required. 
Gram. Gram. Gram. Gram. 
Experiment I ---- 0.1015 0.1189 0.1470 0.1482 
“ II.--- 0.1090 0.1021 0.1266 0.1272 
es III... 0.1350 0.0852 0.1057 0.1062 
IV --+ 0.1250 0.1671 0.2069 0.2083 


The time required was seven hours. The lead chloride was 
immediately weighed. It dissolved completely in hot water and 
this solution was tested by means of Marsh’s apparatus for anti- 
mony, without finding the latter present. Experiment II was 
slightly varied by first moistening the oxides with a drop of 
hydrochloric acid. 

IV.—BEHAVIOR OF BISMUTH OXIDE. 

Bismuth nitrate, as pure as could be obtained, was dissolved 
in nitric acid and then thrown down with a large quantity of 
water. The precipitate was carefully washed by decantation. 
This operation was repeated several times. 

It was then dissolved in acidulated water and precipitated 
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with ammonium hydroxide and ammonium carbonate. This, 
on ignition, gave pure oxide, which, heated in a stream of 
hydrochloric acid gas, completely volatilized as chloride. Here 
the same treatment is necessary as obtained for antimony. A 
slow current of gas and a low heat were best adapted for the 
volatilization (a temperature of 130°, or roughly, the heat 
afforded by a fish-tail burner placed two inches below the com- 
bustion tube, with a flame an eighth of an inch high). The bis- 
muth chloride sublimed nicely, forming a white crystalline mass 
beyond the boat, which could be readily driven along by a gen- 
tle heat. 
v. 

The same material was used as in the preceding experiments. 
The weighed oxides were thoroughly mixed ina porcelain boat. 
Usually the gas was allowed to act in the cold for an hour, 
which changed the oxides completely to chlorides. 

The same conditions prevailed as under bismuth oxide alone. 
If an attempt was made to hasten the reaction by heating higher 
than 180’, alittle lead would volatilize. This sublimate, slightly 
yellow in color, would appear directly over the boat and could 
not be driven along the tube like bismuth, hence it was readily 





THE SEPARATION OF BISMUTH FROM LEAD. 


detected. 
The separation of bismuth from lead requires much care, as 


it is not as sharp as could be desired. It is also difficult to tell 
exactly when the last traces of bismuth have been driven out of 
the boat, as there was no color change to indicate it, both metals 
forming white chlorides. The separation is complete in from 
six to seven hours. At the end of the separation the position of 
the boat was changed and the action continued ; if no further 
sublimation occurred it was cooled and removed to a desiccator. 
The weight was taken after standing one-half hour over sul- 
phuric acid. With care bismuth can be separated from lead in 


this manner. 


Bismuth Lead Lead 
Lead oxide trioxide chloride chloride 
taken. taken. obtained. required. Difference. 
Gram. Gram. Gram. Gram. Gram. 
Experiment I ---- 0.1014 0.2020 0.1261 0.1264 —0.0003 
ny II.--. 0.1006 0.0642 0.1252 0.1254 —0O.0002 
es III... 0.1038 0.1003 0.1294 0.1302 —0.0008 


= IV .-- 0.1412 0.1260 0.1759 0.1759 -+0.0000 
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The chloride of lead dissolved completely in hot water. It 
showed no bismuth. The sublimate contained no lead. 


VI.—BEHAVIOR OF CUPRIC OXIDE. 


Pure copper nitrate was made by recrystallization. It was 
then ignited in a porcelain crucible at a dull red heat, until it 
became constant in weight. The pure black oxide was then 
subjected to the action of hydrochloric acid gas. In Experi- 
ment I, the boat containing the oxide was heated at the outset 
to 175°. It was taken out after two hours, placed over sulphuric 
acid for half an hour, and weighed. The weight showed that 
the copper oxide had hardly been acted upon. It had only been 
superficially changed to chloride. It was then moistened with 
two or three drops of hydrochloric acid, dried in a rapid current 
of the gas, and heated two hours longer. This resulted in the 
complete transformation into chloride. The anhydrous chloride 
thus obtained, liver brown in color, was placed in a desiccator 
from which the air was exhausted. This was done to remove 
all the gas that might be retained and prevented a too rapid 
absorption of moisture. 

Copper chloride absorbs moisture but not so rapidly as to pre- 
vent weighing in this form: 


Copper Copper Copper 
oxide chloride chloride 
taken. obtained. required. Difference. 
Gram. Gram. Gram. Gram. 
Experiment I ---- 0,10! 0.1708 0.1713 —0.0005 
II.--- 0.1025 0.1726 0.1736 —0.0010 
a III... 0.1034 0.1756 0.1752 +0.0004 


In Experiment II, the change was completed in the cold by 
prolonged action through four hours. It was then heated about 
ten minutes at the end to drive out the moisture that had 
formed. In all the experiments cited, the copper chloride, after 
weighing, was found to dissolve completely in cold water. 


VII.—THE SEPARATION OF ANTIMONY FROM COPPER, 


The same material was used as in the preceding experiments. 
The weighed oxides were thoroughly mixed. The antimony 
was completely volatilized, leaving copper chloride which was 


iy 


i 
i 
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weighed as such. The volatile antimony chloride was caught 
in the bulb receiver at the end of the tube. The bulb and tube 
were washed out with acidulated water into a beaker and the 
antimony thrown down with hydrogensulphide. The antimony 
sulphide was filtered, thoroughly washed, and while moist dis- 
solved in strong hydrochloric acid. The hydrogen sulphide 
evolved was conducted into bromine water and oxidized to sul- 
phuric acid, which was estimated as usual and the antimony 
calculated. 

The length of time required was eight hours. On several 
occasions the experiment was interrupted at the end of four 
hours, but invariably the separation was incomplete and on dis- 
solving out the copper chloride formed, black copper oxide and 
white antimony oxide were plainly evident. In some cases the 
mixture of oxides was moistened with a couple of drops of 
hydrochloric acid and then evaporated down in a stream of acid 
gas, by heating the tube over a water-bath. This treatment 
seemed to facilitate matters but it is not altogether advisable, 
because the copper chloride has a tendency to creep over the 
sides of the boat. Itis quicker in the end to separate them in 
the dry condition, allowing plenty of time forthe reaction. The 
copper chloride obtained was perfectly soluble in cold water and 
contained no antimony. It could readily be changed to oxide 
and weighed if thought necessary. 


Antimony Copper Copper Copper 
trioxide oxide chloride chloride 
taken. taken. obtained. required. Difference. 
Gram. Gram. Gram. Gram. Gram. 
Experiment I -- 0.1068 0.1040 0.1750 0.1745 +0.0005 
x II.. 0.1062 0.1053 0.1774 0.1784 —0.0010 
‘< III. 0.1022 0.1020 0.1726 0.1728 —0.0002 


as IV - 0.1198 0.1020 0.1722 0.1728 —0.0006 


Antimony tri- Antimony tri- 


oxide taken. oxide found. Difference. 
Gram, Gram. Gram, 
Experiment [...........ee. 0.1068 0.1059 +0.0009 


VIII.—THE SEPARATION OF BISMUTH FROM COPPER. 


The pure oxides were mixed and treated as directed under 
bismuth and lead. 














BY MEANS OF HYDROCHLORIC ACID GAS. 1037 


Copper Bismuth Copper Copper 
oxide trichloride chloride chloride 
taken. taken. obtained. required. Difference. 
Gram. Grams. Grams. Grams. Grams. 
Experiment I -. 0.1030 0.1069 0.1738 0.1745 —0.0007 
a II.. 0.1004 0.1077 0.1701 0.1713 —0,.0012 
ie III. 0.1026 0.1060 0.1741 0.1738 +0.0003 
$s IV . 0.1019 0.1058 0.1718 0.1726 —0o.0008 
Bismuth Bismuth 
trioxide trioxide 
obtained. required. Difference 
Gram. Gram. Gram. 
Experiment I........- seee+ 0.1076 0.1069 +0.0007 


The time required in each of these trials was seven hours. 
It seemed to be advantageous to raise the temperature and heat 
sharply for about ten minutes at the end, to insure the complete 
removal of the bismuth. 

Moistening with acid helped the reaction but subjected it to 
the same danger of creeping as noted under antimony and cop- 
per. 

The bismuth was estimated as follows: It was washed out of 
the tube and bulb with acidulated water and then precipitated 
as sulphide. The bismuth sulphide was filtered, washed, and 
dissolved in nitric acid. It was thrown out of the solution with 
ammonium hydroxide and ammonium carbonate, as hydrated 
oxide, and then filtered, dried, and ignited. It was weighed as 
oxide. The residue of copper chloride in the boat dissolved in 
cold water and showed no bismuth. 


IX.—ACTION OF GASEOUS HYDROCHLORIC ACID ON SODIUM 
PYROARSENATE. 

Hibbs’ showed that arsenic was completely volatilized from 
sodium pyroarsenate, leaving weighable sodium chloride. In 
fact, so clean was the elimination of arsenic that he made it the 
basis of an arsenic atomic mass determination, with admirable 
success. 

In working up the separation of arsenic from other metals it 
was necessary to start with the pure sodium salt. After purifi- 
cation I decided to test it, by weighing the salt produced by the 
action of the acid gas upon it. Several determinations gave 
close results, proving the salt pure. 


1 See next paper, page 1044 
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Chemically pure arsenate was procured. It was recrystallized 
and then ignited (not too strongly) for an hour. The pyroarse- 
nate obtained was used in precipitating the various arsenates 


investigated. 
Sodium pyroar- Sodium chlo- Sodium chlo- 
senate taken. ride obtained. ride required. 
Gram. Gram, Gram. 
Experiment I.--.--..-..- 0.2021 0.1330 0.1335 
“ II «esses eee 0.1039 0.0691 0.0686 


X.—THE SEPARATION OF ARSENIC FROM COPPER. 


Pure sodium pyroarsenate was used to precipitate the copper 
salt. 

Copper sulphate was recrystallized five times, a few good 
crystals were dissolved and the two solutions mixed. A green 
copper arsenate was precipitated. It was washed and dried at 
100°. Salkowski' observes that copper arsenate still contains 
water above 130°. My salt had the composition Cu,As,O, + 
2HeE®. 

Hydrochloric acid gas completely changes it in the cold to 
chloride. A slight heat drives out the arsenic and water and 
leaves a brown anhydrous copper chloride, which can be weighed 
as such. Care was taken to remove all the acid gas before 
weighing. 

The arsenic was washed out of the bulb into a beaker, this 
was warmed with nitric acid to insure oxidation, and then it 
a magne- 


ce 


was precipitated from an ammoniacal solution with 


” 


sia mixture. It was weighed as Mg,As,O.. 


Copper arse- Copper chlo- Copper chlo- 
nate taken. ride obtained. ride required. Difference. 


Gram. sram, Gram, Gram. 

Experiment I .--- 0.1067 0.0850 0.0851 —0.0001 
II---- 0.1240 0.0998 0.0991 -++0.0007 

y III... 0.1072 0.0860 0.0856 +0.0004 

= IV .-- 0.1155 0.0924 0.0923 -+0.0001 

- V .-+- 0.1042 0.0832 0.0833 —0.000I1 


Experiment I. As,O; obtained, 0.0498 gram; As,O; required, 0.0487 gram. 


The residue of copper chloride completely dissolved in water. 
It showed no arsenic when tested in a Marsh apparatus. 
1], prakt. Chem., 104, 129. 
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XI.—THE SEPARATION OF ARSENIC FROM SILVER. 

Silver arsenate was made by precipitating silver nitrate with 
sodium arsenate. Care was taken to have the nitrate in excess. 
The reddish-brown arsenate of silver was washed with boiling 
water, until the washings no longer showed silver, when tested 
with hydrochloric acid. It was dried at 110°. 

As was expected, the acid gas attacked it even in the cold. 
In fact the action was so vigorous that a couple of analyses were 
spoiled by spattering. The trouble arose from the fact that the 
arsenate was not finely powdered. Heat was generated in the 
reaction sufficiently to send over a portion of the water formed. 
Experiment I was run in the cold for one hour and then heated 
sharply, for a few minutes, to expel the arsenic and water. The 
result was only 0.46 per cent. too high, but indicated that the 
salt should be heated longer, and not necessarily as high to 
remove all the arsenic. 

The succeeding experiments were heated from one to two 
hours at 150° with better results : 


Silver Silver Silver 
arsenate chloride chloride 
taken. obtained. required. Difference. 
Gram. Gram. Gram. Gram, 
ExperimentlI...-.. 0.2542 0.2381 0.2363 +0.0018 
"3 II.-+- 0.2325 0.2163 0.2161 --0.0002 
cs III... 0.2084 0.1952 0.1938 +0.0014 
IV «++ 06,2070 0.1927 0.1924 +0.0003 


Experiment 1. Ag obtained = 70.45 per cent; Ag required =69.99 per 
cent. 

The residues in Experiments II, III, and IV were dissolved 
and tested for arsenic. None was found. 


XII. —THE SEPARATION OF ARSENIC FROM CADMIUM. 

Chemically pure cadmium sulphate was precipitated by a 
solution of sodium pyroarsenate. Stirring brought out a gelat- 
inous arsenate, which changed by additional stirring toa granu- 
lar salt. This was thoroughly washed and dried at 110°. It 
had the composition Cd,As,O,+ 2H,O. Salkowski' observes 
that a red heat is necessary to fully dehydrate this salt. 

The moisture and arsenic were completely expelled at 150°, 


1 Loc. cit. 
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leaving a uniform mass of cadmium chloride. It was weighed 
as such after standing over sulphuric acid for one-half hour. 
The arsenic was determined as usual. 


Cd3;As,0,+ Cadmium Cadmium 
2H,O chloride chloride 
taken. obtained. required. Difference. 
Gram. Gram. Gram. Gram. 
Experiment I---- 0.2359 0.1965 0.1977 —0.0012 
a II ... 0.1166 0.0968 0.0968 —0.0000 
III.-- 0.1030 0.0857 0.0855 -++-0.0002 
IV ..- 0.1138 0.0947 0.0946 -++0.0001 
rs V «e+ 0.1043 0.0870 0.0867 +0.0003 
CdgAs,O, + As,0, As,O; 
2H,O taken. obtained. required, Difference. 
Gram Gram, Gram. Gram. 
Experiment I .--- 0.2359 0.0813 0.0822 0.0009 


The cadmium chloride dissolved perfectly in water and showed 
no arsenic, when tested in a Marsh apparatus. 


XIII.—THE ACTION .OF HYDROCHLORIC ACID GAS ON FERRIC 
OXIDE. 


Pure oxide of iron was heated in a stream of acid gas. The 
behavior of iron is rather peculiar, as it very readily changes 
into chloride, and then only partially volatilizes. On heat- 
ing to 200° the greater part is driven over as flaky crystals 
of ferric chloride. ‘The remainder consists of a white mass, 
which refuses to go over on prolonged action and also on raising 
the temperature. 

This residue was soluble in water and did not react with 
potassium thiocyanate, but immediately gave a blue precipi- 
tate with ferricyanide. Reduction was therefore evident; this 
is also noted by Jannasch and Schmidt.' The temperature at 
which ferric chloride usually goes into the ferrous condition is 
above 1000”. 

Care was taken to prepare perfectly pure hydrochloric acid 
gas. Chemically pure acids were used to thisend. The action 
however was the same in all cases. 


XIV.—THE SEPARATION OF ARSENIC FROM IRON. 
Chemically pure ferrous ammonium sulphate was carefully 


1 Loc. cit. 
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oxidized with nitric acid, it was taken up in water, filtered and 
then crystallized several times. The best crystals were selected 
and a solution made to precipitate the arsenate. A white pre- 
cipitate tinged with yellow was formed. It was washed by 
decantation and then filtered and washed until the washings no 
longer gave Prussian blue with ferrocyanide. It was then dried 
and gently ignited. 

The acid gas acts on it quickly in the cold and it becomes a 
light green liquid. In evaporating off the moisture the chloride 
of iron was carried over with the arsenic. 

In a second trial, with the temperature lower and occasionally 
removing the source of the heat altogether, when ebullition 
threatened to cause spattering, ferric chloride was obtained with- 
out loss. This was gradually heated a little higher to remove 
all the arsenic. 

The chloride of iron was dissolved, oxidized, precipitated with 
ammonium hydroxide and estimated as usual. The result was 
fair and the product tested showed the absence of arsenic, but 
all succeeding experiments failed. Either the substance spat- 
tered or the iron went along with the arsenic. 

Jannasch and Schmidt' separated arsenic from iron by placing 
their material in a large hard glass bulb and evaporating down 
to dryness with nitric acid, in an air current. This is not appli- 
cable when a porcelain boat is employed. They then volatilized 
the arsenic in hydrochloric acid gas at 120°. 


XV.—SEPARATION OF ARSENIC FROM ZINC. 


In some preliminary work zinc oxide was treated with acid 
gas at 200°. It completely changed to chloride and was not 
volatile. Pure zinc sulphate was used to precipitate the arse- 
nate; it was washed, dried and ignited to 150°. The same diffi- 
culty appeared as was encountered under iron. Zinc arsenate 
melts down to a liquid mass as soon as the acid gas strikes 
it, which is extremely hard to evaporate without spattering. A 
small glass cover was placed over the boat, which tended to les- 
sen the spattering, but did not entirely prevent it. 

The zinc was estimated by taking the chloride up in a little 


1 Loc. it. 
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hydrochloric acid and running it down with pure mercuric 
oxide. It was then ignited and weighed as zinc oxide. One 
good result was obtained, but generally the residues of zinc con- 
tained arsenic and the results were far from being concordant. 


XVI.—THE SEPARATION OF ARSENIC FROM COBALT AND 
NICKEL. 

Cobalt and nickel were precipitated as arsenates in the usual 
manner, with a solution of pyroarsenate. 

Cobalt nitrate, a Merck preparation, was carefully purified; 
considerable manganese was found and eliminated. 

This gave the pink salt Co,As,O, + 8H,O, which was ignited 
to the blue anhydrous compound. 

Cobalt arsenate is very readily attacked by the acid gas in the 
cold, yielding a pink chloride. A slight ;heat, not much above 
120°, changed it to the blue chloride and drove out the arsenic. 
At first it was quickly weighed as chloride, then it was taken up 
in a little hydrochloric acid and evaporated down with mercuric 
oxide. On ignition, black Co,O, was obtained and weighed. 

The arsenic was estimated as usual. 


Experiment I. Experiment II 

Gram. : Gram. 
Co,As,O, taken .--..- eee eee ee ee eeee 0.1509 0.2029 
CoCl, obtained... 2. 0262..e00e cecsens 0.1309 
CoCl, required........+.eeeeeeee eee 0.1293 er 
Co,O, obtained -.-. 6-0 eee cere eens 0.0738 0.0969 
Co,O, required........ssee esse eeeee 0.0731 0.0983 
ee ee ee ee ee ee -++0.0007 —0O.0014 
As,O; obtained .......sseeeeeeceeees 0.0770 
As.O; required .....--+s+seesereeere 0.0764 
Pa ANIRIIDY ia o-xia, pais so wise Coenen se iarele +0.0006 


On testing the cobalt residue by the Marsh test, no trace of 
arsenic was found. No cobalt was found in the sublimate. 
Some of the first experiments gave cobalt too low; it was thought 
that they had been heated too high, but testing showed no vola- 
tilized cobalt. 

A temperature of 125° is sufficient to drive out all of the arse- 
nic, and at this temperature there is no danger of volatilizing 


the cobalt. 
In working with nickel, the green arsenate was simply dried 
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in the first experiment. It therefore had the composition 
Ni,As,O, + 8H,O. 

Hydrochloric acid gas attacked it in the cold. A slight heat 
drives out the arsenic and moisture and leaves a salmon-colored 
chloride. The nickel chloride was changed to oxide by evapo- 
rating it with nitric acid and igniting. 


Experiment I. 


Gram. 
Ni,As,O, + 8H,O taken .--.---+ sees ccecceseceses an 0.1502 
PA SEY Cu UMIGNEN cco 9:5 004 :k:0s,o: oe oles Sin iewhe oko we ae eS 0.0554 
INIO FEGUINE 6 ose misc Goins conic oie rimeclae sna ehece esas 0.0561 
OC LORIOD ie. 6.654 05.456 6 vie: Heo alwlaa aw tw Sl oTaae wid Memeo a a —0.0007 


In Experiments II and III the salt was made anhydrous by 
ignition. 


Experiment II. Experiment III. 

Gram. Gram. 
Ni,As,O, taken...-...+.+-e--- 0.1166 0.1040 
NiO obtained .... 2000 cceees 0.0577 0.0523 
NiO required ............ ++. 0.0575 0.0513 
Difference ....-..2ss+-seecee- +0.0002 +0.0010 
As,( ); OURGITIED o.s9e scsi coweis sees 0.0515 
As,O, required -..+ 00s eccs-0 sae 0.0526 
POR ONOE s 6s5-59 ote Soe visiecnmonen oes —0o.OOII 


The Marsh test showed no arsenic with the nickel. 
XVII.—BEHAVIOR .OF MINERALS IN HYDROCHLORIC ACID GAS. 


Niccolite. One-half gram of the mineral was finely powdered 
and subjected to the action of acid gas for a day, at a tempera- 
ture of 200° C. It was only very slightly affected. 

A second portion was dissolved in nitric acid and evaporated 
down in a porcelain dish. It was then transferred toa boat and 
evaporated to dryness. To remove all the acid, it was heated in 
an oven to 110° for one-half hour. The dry substance was 
acted upon by the acid gas in the cold for five hours. It 
changed completely to chloride. A temperature of 150° for an 
hour removed all the moisture and arsenic. 

The nickel chloride was evaporated down with nitric acid, 
ignited, and weighed as NiO. The arsenic was estimated as 


usual. 


Bee eal Baa 
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Per cent. 
Dee EE ata cae vba} <No eaes eae ses © 43-79 
WGC) CA LCW IRIE «66.0 00.6 case0'e- ose wieessw eee 43.60 
PPO 55 ols ects ose wNdldd esos kas oo ee 0.19 
Peete TTAWAEL, 6 5)c.cie) » bins cece ate tee cia aan eta ee 56.66 
APGERIC COICHIAGED «6.02 o.0:0'0.6 6:6:6/0:0'08100: seers 56.40 
PRS isso ve wrss caine ae oae<planieu< enna 0.26 


Undoubtedly there is still a wide field open in regard to the 
behavior of hydrochloric acid gas upon mineral species. Smith 
and Hibbs’ showed that mimetite lost its arsenic quantitatively, 
when heated in a stream of acid gas. In this laboratory others 
are being investigated with favorable indications. ‘The direct 
employment of hydrochloric acid gas upon a powdered mineral 
would simplify many a tedious gravimetric process, leaving the 
separated elements in a desirable condition for further treat- 
ment. 

In the case of a mineral such as niccolite, where it must first 
be decomposed with nitric acid and then transferred to a boat, 
the advantage is not so great. This, however, can be modified, 
so that the time factor is reduced and the advantage of the 
method still retained. Instead of using a boat, which has no 
advantage unless the non-volatile chlorides are to be weighed 
directly, a hard glass bulb can be substituted. The mineral is 
placed in the bulb, dissolved in nitric acid, and evaporated 
down by the aid of a current of air drawn through the bulb. 

The residual oxides are then separated in a stream of hydro- 
chloric acid gas as usual. 


[CONTRIBUTION FROM THE JOHN HARRISON LABORATORY OF CHEMISTRY, 
No. 15.] 


THE ATOMIC WEIGHTS OF NITROGEN AND ARSENIC. 


By JOSEPH GILLINGHAM HIBBs. 


wo 


Received September 26, 1896. 
HE atomic weight of the metal molybdenum had been 
determined by expelling molybdic acid from sodium 
molybdate with hydrochloric acid gas, then weighing the resid- 
ual sodium chloride. 


1 Loc. cit. 
2 From author’s thesis presented to the Faculty of the University of Pennsylvania 


for the degree of Doctor of Philosophy, 1896. 
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Having found that nitric acid and arsenic acid were driven 
from their alkali salts with ease, leaving a chloride that was 
absolutely pure, and believing that the atomic masses of nitro- 
gen and arsenic determined in this manner would afford a valu- 
able contribution to the literature relating to these constants, a 
carefully conducted series of experiments was made with two 
nitrates and one arsenate. The results are givenin detail in the 
following lines : 

THE ATOMIC WEIGHT OF NITROGEN. 


In the past, determinations of the atomic weight of nitrogen 
have been made from the density of the gas itself, from the ratio 
between ammonium chloride and silver, and from the decompo- 
sition of certain nitrates. The first method in particular has 
been frequently applied. Thomson, Dulong, Berzelius, and 
Lavoisier brought to light many new facts relating to the atomic 
weight of nitrogen; unfortunately, however, considerable that 
they have presented has been affected by complications that 
have introduced inaccuracies. 

Dumas and Boussingault' found the mean density of nitrogen 
to be 0.972; for hydrogen they found a mean density of 0.0693, 
which would give nitrogen an atomic weight of 14.026. Reg- 
nault obtained a more concordant series of results, the mean 
being 0.97137, and a density for hydrogen of 0.0692, which 
makes the atomic weight of nitrogen equal to 14.0244. 

Clarke gives in detail his computation of the means of the 
results obtained by Penny, Stas, and Marignac. Theirwork on 
the determination of the atomic weight of this particular ele- 
ment was mainly on the ratio of ammonium chloride and silver, 
and the decomposition of certain nitrates. A great degree of 
accuracy was maintained throughout the entire investigation ; 
but the amount of work required to obtain a single result neces- 
sarily lays the method open to a serious error of manipulation. 

In this connection a paragraph from Clarke’s ‘‘ A Recalcula- 
tion of the Atomic Weights’? may be cited: ‘‘ The general 
method of working upon these ratios is due to Penny. Applied 
to the ratio between the chloride and nitrate of potassium, it is 


4 
1 Compt. rend., 1841—12. 1005. 
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as follows: A weighed quantity of the chloride is introduced 
into a flask which is placed upon its side and connected with a 
receiver. An excess of pure nitric acid is added, and the trans- 
formation is gradually brought about by the aid of heat, the 
nitrate being brought into a weighable form. The liquid in the 
receiver is also evaporated, and the trace of solid matter which 
has been mechanically carried over, is recovered and also taken 
into account.”’ 

The method indicated in this study, and actually applied with 
the results appended, is decidedly less objectionable. In this 
method there is no distillation, no precipitate, in fact, nothing 
that could involve serious error. 

Clarke summarizes the results of Penny, Stas, and Marignac 
as follows : 


I. From specific gravity of N..-.-.-.seeeee cess N = 14.0244 
2. ‘* ammonium chloride..-.---...+.++++++ N = 14.033 
2 ‘¢ ratio number four.........----sseee-- N = 14.0330 
a. _ SUIVET TITETATE 0500s css ws ccdiv'e ovcdeoe N = 13.9840 
5: ‘* potassium mitrate..--+---.eeeeeeeee - N = 13.9774 
6. 66 SOdiuM Mitrate.cocescccccevcccccccess N = 13.9906 
Meafi of results for N -..--...+-seeccees N = 14.0210 


If oxygen is 16, this becomes 14.0291. Stas found the atomic 
weight of nitrogen to be 14.044. Dumas found 14 by experi- 
ments on the combustion of ammonia and cyanogen (O= 16). 
Pelouze found 14.014 by bringing a known weight of silver 
nitrate in contact with a known and slightly excessive weight of 
ammonium chloride, which excess was titrated. Anderson 
found 13.95 by the decomposition of the nitrate of lead, with 
just enough heat for decomposition (the same method that was 
used by Berzelius). Marignac found 14.02 by dissolving a 
known weight of silver in nitric acid and then melting and 
weighing the nitrate found. 

A.—ATOMIC WEIGHT OF NITROGEN BY ACTION OF HYDROGEN 
CHLORIDE UPON POTASSIUM NITRATE. 

The purest salt obtainable was dissolved in water, filtered, 
and recrystallized six times, a solution of which was tested for 
chlorides, sulphates, etc., but no impurity was found. One 
more crystallization was made and the best crystals were 
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selected. These were washed with distilled water and dried at 
210° C. for three hours, powdered, and again dried, and finally 
placed in a weighing bottle. ‘This compound was dried before 
each experiment. It was also allowed to stand in a balance 
case one hour before weighing. The same degree of care was 
exercised in the preparation of the boat for weighing. 

The weighing bottle was placed on the scale pan and allowed to 
stand several minutes in order to regain its normal temperature. 
After weighing it was quickly opened and a portion of the salt 
removed to the boat and again closed and allowed to stand in 
the balance case for several hours beforereweighing. The boat 
was then introduced into the combustion tube and the gas 
passed over it. The characteristic action took place. The only 
difference in the method of procedure adopted here and that 
described in the first section of this paper, was a longer time 
being given to complete the action, using a lower temperature, 
in order to do away with all possibility of fusion of the salt. It 
was then carefully removed to a vacuum desiccator and allowed 
to stand over night before weighing. It may be said also that 
experiments were only conducted on clear days to insure the 
non-entrance of moisture. 

With potassium nitrate, no great variation of amount was 


taken. 
Five determinations were made in this case: 
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Gram Gram. Gram. Gram. xram. Gram. 

I. 0.11084 0.08173 0.00006 0.00004 0.11090 0.08177 O.IOII2I I4.0II 
2. 0.14864 0.00960 0.00007 0.00005 0.14871 0.10965 0.IOII20 14.010 
3. 0.21056 0.15525 0.0001I 0.00008 0.21067 0.15533 O.IOII23 14.013 
4. 0.23248 0.17214 0.00012 0.00009 0.23360 0.17223 O.IOII2I 14.011 
5. 0.24271 0.17894 0.00013 0.00009 0.24284 0.17903 O.IOII24 14.014 


Atomic weight of nitrogen = 14.0118 + 0.000472. 


The atomic values used in these calculations were taken from 
‘* Table of Atomic Masses,’’ revised by F. W. Clarke, in Octo- 


ber, 1891. 


Pn PS 
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The figures deduced from these values are, of course, subject 
to any change made by later revision of atomic weights. It is 
not so much the exact figure to which attention is called, as to 
the constancy of result brought forward by this method. The 
values used were : 


OXYZEN oe eeee reece cee ee neee rece tees tee eeeeceeeees + 16.00 
AR i Sadisie wees on awa ads deve Rees err enaae eee + 39.11 
SOMME ca aati) pi cals eS Selo ais Cars CRRA ES WIS pemciispewe os, BELA 
Specific gravity potassium nitrate----+-. sees eee e ee eens 2 

Specific gravity potassium chloride ----+++-e+ee eee eeee 1.99 


B.—ATOMIC WEIGHT OF NITROGEN BY ACTION OF HYDROGEN 
CHLORIDE UPON SODIUM NITRATE. 

The same degree of care and method of procedure were here 

observed as in Division A. The results are as follows: 









A -. & J at ~ 
is} oF ° 0° og of y a 
_ =u = -5 = 4 “S = Pi) 
5 ‘O5 gq? a? eo ‘Ua 
5 wd 3 8 g ESe Fe 
aS Eo v UE S28 ae 
gy Sy = = ons a= 
co 8 5 S 3 23 Su 
A as RE UR UO: Ud Ont ASD ao 
Gram. Gram. Gram. Gra Gram. Gram, 
I. 0.01550 0.01064 eoee sees 0.01550 0.01066 85.061 14.0IT 
2. 0.20967 0.14419 0.00009 0.00007 0.20976 0.14426 85.061 14.OI1 
3. 6.26217 0.18029 6.00012 0.00009 0.26229 0.18038 85.064 14.014 


0.66610 0.46805 0.00035 0.00024 0.66645 0.45829 85.064 14.014 
0.93676 0.64422 0.00042 0.00034 0.93718 0.64456 85.058 14.008 
Atomic weight of nitrogen = 14.0116 + 0.000741. 


a > 


Atomic values used were 


OXYQZEM ooeeee cece ce reece reece cevecescecs eT 16.00 
! Gl Hits dissec ese sane pits Saal ea Wee warsreeene ee id taa 23.05 
J ‘ Sain e 

i Chlorine reeccerees sere coeces sate eeecceccccessccsces : 35-45 
4 Specific gravity sodium cChloride.....-.seeseseeeeeeees 2.3 
qi Specific gravity sodium nitrate...... see eeeeeeees sees 2.26 


When these results are compared with those obtained by 
Penny and Stas by treatment of potassium chloride with nitric 
acid, and the treatment of potassium nitrate with hydrochloric 
acid (likewise for sodium), a close comparison can be made. 


Penny. Hydrogen chloride method. 
For potassium nitrate----13.9774 For potassium nitrate....14.0118 
‘* sodium nitrate..... - 13.9906 ‘* sodium nitrate..-..-14.0116 


Showing a difference of 


0.0344 for potassium salt, 
0.0210 for sodium salt. 
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When a mean of the above results is taken, the atomic weight 


of nitrogen equals 


13.9996 for potassium salt, 
14.0011 for sodium salt. 


Taking now a mean of these values, the atomic weight of 

nitrogen would be 14.0003. 
C.—THE ATOMIC WEIGHT OF ARSENIC. 

The atomic weight of arsenic has been obtained from the chlo- 
ride (AsCl,), the bromide (AsBr,), and the trioxide (As,O,). 

Pelouze, in 1845, and Dumas, in 1859, determined it by the 
titration with known quantities of pure silver in the analysis of 
arsenic trichloride. The mean of their results, as computed by 
Clarke, gives the atomic weight of arsenic, 74.829. Wallace’ 
makes the same titration with silver in the analysis of arsenic 
tribromide. His value is 74.046. Kessler made a set of deter- 
minations by estimating the amount of potassium bichromate 
required to oxidize 100 parts of arsenic trioxide to arsenic pent- 
oxide. He obtained a mean value of 75.002. 

A mean of these results gives the following : 


From ASC],--2. +s ccecccccceccve 74 82 
SE AGB y ss vee cca catseeescues 74-046 
1 BEER. aiacesewnns bea 75.002 

Geveral Meanh.cccscsecccccaseaae 74.918 


If oxygen — 16, then the atomic weight of arsenic will equal 
75.090. 

Berzelius, in 1826, heated sulphur and arsenic trioxide 
together in such a way that sulphur dioxide alone escaped ; this 
method gave 74.840 as the atomic weight of arsenic. But one 
experiment was made, so that it does not possess much value. 
In the above method there seems to be a wide variation in the 
results obtained, the difference between the extreme values is 
but little less than one unit. 

By the hydrogen chloride method, we have but the weighing 
of the material used in the determination—which must neces- 
sarily enter every estimation or analysis—and a single weighing 
after the action of the acid gas. As in the case of nitrogen, the 
method seems to be as short and concise as possible. 


1 Compt. rend., 10, 1047. 
2 Phil. Mag. (4), 18, 279. 
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The methods and modus operandi were exactly the same as 
those used in the determination of the atomic weight of nitrogen. 

The sodium chloride obtained was perfectly white in color. 
In no instance was it fused. After weighing the salt residue it 
showed no traces of arsenic, and was readily soluble in cold 
water without residue. The same conditions of atmosphere 
were observed. 

As the specific gravity of sodium pyroarsenate could not be 
obtained, it was determined by means of the specific gravity bot- 
tle, against chloroform, and was found to be 2.205, while the 
specific gravity of sodium chloride was taken as 2.16. The 
atomic values used were : 


OXYGEN -- cece e cece ce cc eees cece ee cece cree ce eeeevecces 16.00 
CE PPR ere A a A Reo e OTT Ie Ee 23.05 
Re ERR EUR IS usin) peo du 0 9-0/5 oc Osby 4 Ok ww) win acer Vee aw Se BREE AS 35-45 


The results here obtained, besides being to a great degree 
constant, compare favorably with those obtained by Pelouze 
(74.829) and Kessler (75.002). 

A coincidence may here be shown by the fact that the mean 
of these values gives 74.9155, while the hydrogen chloride 
method gives 74.9158. 

In order to give the method a thorough trial, the amounts 
taken cover a wide range. ‘The smallest amount used was 
0.02176 gram of sodium pyroarsenate, and the largest 3.22485 
grams. It will also be noticed that the variation in result is but 





0.027 for ten determinations. 

Aad 1 us A us & 2 ‘ a 

go 23 Se Se Se ge ¢ e 
s6a8 y bg = E: con ted Soga $4 
£ 8s $e 835 8 635 82 3838 ds 

Gram. Gram. Gram. Gram. Gram. Gram. 

I. 0.02176 0.01439 0©.0000I 0.00000 0.02177 0.01439 354.008 74.904 
2. 0.04711 0.03114 0.00002 0.00001 0.04713 0.03115 354.042 74.921 
3. 0.05792 0.03828 0.00003 0.00002 0.05795 0.03830 354.054 74.927 
4. 0.40780 0.26970 0,0002I 0.000I1I 0.40801 0.26981 354.002 74.901 
5- 0.50440 0.33028 0.00026 0.00017 0.50466 0.33045 354-033 74.916 
6. 0.77497 0.51222 0.00041 0.00027 0.77538 0.51249 354.034 74.917 
7. 0.82853 0.54762 0.00044 0.00029 0.82897 0.54791 354.034 74.917 
8. 1.19068 0.78690 0.00056 0.00041 1.19124 0.78731 354.053 74.926 


1.67464 1.10681 0.00081 0.00051 1.67545 1.10732 354.057 74.928 
3-22485 2.13168 0.00152 0.00099 3.22637 2.13267 354.002 74.901 
Atomic weight of arsenic = 74.9158 + 0.00222. 


or 
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THE SEPARATION OF VANADIUM FROM ARSENIC. 


By CHARLES FIELD, 3RD, AND EDGAR F. SMITH. 


Received October 2, 1896. 

S vanadium and arsenic occur associated in minerals and 
A likewise in artificial products, their separation becomes a 
matter of consequence. 

The course usually pursued in carrying out this separation is 
that long since recommended for the removal of vanadic acid 
from its solutions; namely, its precipitation as ammonium meta- 
vanadate. Other methods have recently appeared in the litera- 
ture bearing on analysis. Reference is here made especially to 
the publication of Fischer.’ 

Experiments made in this laboratory on the behavior of vana- 
dates’ and arsenates* heated in an atmosphere of hydrochloric 
acid gas, in which both acids were volatilized, suggested the 
thought that if the sulphides of vanadium and arsenic were 
exposed to the same vapors perhaps they would show a variation 
in deportment. Andso it has proved. Perfectly dry arsenic 
trisulphide, previously washed with alcohol, carbon disulphide, 
and ether, then dried at 100° C., when exposed in a porcelain 
boat, placed in a combustion tube, was almost completely 
expelled from the retaining vessel at the ordinary temperature. 
The last traces were driven out at a temperature little above 
150° C. Brown vanadium sulphide, ina perfectly dry condition, 
treated in the same manner, was not altered. It only remained 
then to prepare mixtures of known amounts of the two sulphides 
and subject them to the action of the acid vapor. To this end 
the following experiments were made : 


I. 0.1303 gram of vanadium sulphide, 
0.1302 gram of arsenic sulphide. 


The arsenic sulphide was volatilized without difficulty and left 
0.1297 gram of vanadium sulphide. 


1 Bestimmung von Vanadinsaure: Dissertation, Rostock, 1894. 
27. Am. Chem. Soc., 16, 578. 
8 Jbid., 17, 682. 
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II. 0.1290 gram of vanadium sulphide, 
0.2242 gram of arsenic sulphide, 


gave after exposure of one hour to hydrochloric acid vapor a 
residue of vanadium sulphide, weighing 0.1297 gram. 


III. 0.0828 gram of vanadium sulphide, 
0.0582 gram of arsenic sulphide, 


left 0.0827 gram of vanadium sulphide. 


IV. 0.1306 gram of vanadium sulphide, 
0.2028 gram of arsenic sulphide, 


gave a residue of 0.1308 gram of vanadium sulphide. 


V. 0.1403 gram of vanadium sulphide, 
0.2409 gram of arsenic sulphide, 


left 0.1404 gram of vanadium sulphide. 


The temperature in these experiments was not allowed to 
exceed 250° C., as beyond that point there is danger of affecting 
the vanadium and causing its partial volatilization. 

The method worked so well and with such evidently favorable 
results that the following course was adopted in the analysis of a 
specimen of the mineral vanadinite. 0.2500 gram of air-dried 
and finely divided material was placed in a porcelain boat; the 
latter was then introduced into a combustion tube and gently 
heated ina current of dry hydrochloric acid gas. By this treat- 
ment vanadic and arsenic oxides were expelled, leaving lead 
phosphate and chloride. The receiver containing the vanadium 
and arsenic was made alkaline and digested with ammonium 
sulphide. From the solution of the sulpho-salts the vanadium 
and arsenic sulphides were set free by a dilute acid. After 
washing and careful drying these sulphides were separated as 
indicated in the preceding lines, then changed to oxides and 
determined in the usual manner. The sum of the total con- 
stituents determined as lead oxide, phosphoric oxide, vanadic 
and arsenic oxides, with some lead chloride, amounted to 0.2501 
gram. 

The method in addition to being satisfactory in the analytical 
way, certainly forms a very excellent means of purifying and 
freeing vanadium from arsenic. 











[CONTRIBUTION FROM THE JOHN HARRISON LABORATORY OF CHEM- 
ISTRY, NO. 17.] 
THE SEPARATION OF [MANGANESE FROM TUNGSTIC 
ACID. 


By WALTER T. TAGGART AND EDGAR F. SMITH. 
Received October 2, 1896. 
HE necessity of obtaining pure tungstic acid from time to 
time, using wolframite as the starting out material, has 
frequently suggested the inquiry as to what course would proba- 
bly prove the best in the quantitative separation of this acid 
from oxides, such as those of iron and manganese. 

In the experiments recorded in this communication only the 
results obtained from a study of mixtures of a manganous salt and 
a soluble alkali tungstate will be given. The directions taken 
in the experimentation were, Ist, to effect the separation by the 
use of yellow ammonium sulphide in the presence of ammonium 
chloride ; 2nd, to eliminate the acid oxide by the use of an 
alkaline carbonate. 

Following the first course, mixtures of definite amounts of ammo- 
nium tungstate and manganous chloride were made. To these 
was added water and a considerable excess of yellow ammonium 
sulphide, together with ammonium chloride. The mixtures 
were digested on a water-bath at 70° C., for several hours, and 
the vessels containing them were then closed and allowed to 
stand during the night. The manganese sulphide was filtered 
out, and, after solution, was changed into sulphate and weighed 
as such, or it was finally obtained as protosesquioxide in the 
customary way. 


RESULTS. 
Manganous oxide Manganous oxide 
present. found. 
Gram. Gram. 
0.1950 0.2121 
0.1949 0.2255 
0.1290 0.1708 
0.1287 0.1720 
0.1291 0.1760 


In every trial tungstic acid adhered to the metallic oxide. 
In trying the second suggestion the soluble tungstate and the 
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soluble manganous salt were digested for some hours in a plati- 
num dish, upon a water-bath, with an excess of a ten per cent. 
potassium carbonate solution, after which the whole was evapo- 
rated to dryness, the residue boiled up with water, the mangan- 
ous carbonate filtered out, washed, and finally converted into 
protosesquioxide. 


RESULTS. 
Manganous oxide Manganous oxide 
present. found. 
Gram. Gram. 
0.1949 0.1516 
0.1949 0.1534 


Several trial were made using a fifty per cent. solution of 
potassium carbonate. 


RESULTS. 

Manganous oxide Manganous oxide 
present. found. 
Gram, Gram. 
0.1951 0.1745 
0.1950 0.1528 


The experimental evidence given in the preceding paragraphs 
leaves no doubt as to the insufficiency of the two methods, 
which were tried, in effecting the desired separation. It is 
probable that fusion with an alkaline carbonate will alone 
answer for this purpose. How complete that course would be 
can only be ascertained by careful experimentation. 


In the course of analysis molybdenum is quite often obtained 
as sulphide. Its conversion into a weighable form is attended 
with more or less difficulty. Trials made in connection with its 
estimation show that if the sulphide, as generally obtained, be 
dried, then intimately mixed with anhydrous oxalic acid, its 
careful ignition to trioxide can be made quite rapidly. 


RESULTS. 
Molybdenum trioxide Molybdenum trioxide 
taken. found. 
Gram. Gram. 
0. 3000 0.3009 
0.3000 0.2990 


° 0.1007 O.10II 
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THE SEPARATION OF BISMUTH FROM LEAD. 


3y ARTHUR L. BENKERT AND EDGAR F. SMITH. 


Received October 2, 1896. 

ANY methods have been suggested to effect this separa- 
M tion. Ina recent issue of the Zeztschrift fir angewandte 
Chemie (1895, p. 530), Olav Steen reviews thirteen of these 
methods and concludes that an early proposal of Rose,’ in which 
the lead is thrown out as chloride and weighed as sulphate, 
another by Lowe,’ in which the bismuth is removed as basic 
nitrate, and a late suggestion made by Jannasch,’ v7z., the 
expulsion of the bismuth as bromide from a mixture of lead and 
bismuth sulphides by an air current carrying bromine are the 
most satisfactory. At least these methods gave Steen the best 
results. The separation of bismuth from lead frequently con- 
fronts the analyst, and any novelty in this direction cannot be 
absolutely devoid of interest, hence the present communication, 
which brings data that may perhaps prove of service in the 
hands of others who are interested in the solution of this analyt- 
ical problem. 

It will be recalled that Herzog* proposed to separate bismuth 
from lead by precipitating the former as basic acetate. The 
method required considerable time for execution, and in other 
hands than those of its author apparently has not yielded entirely 
satisfactory results. 

An idea closely related to that of Herzog would be the sub- 
stitution of a formate solution for that of the acetate. This was 
done with results that are very interesting. 

Solutions of lead nitrate and bismuth nitrate in nitric acid 
were made up of such strength that twenty cc. of the first con- 
tained 0.2076 gram of lead oxide, and twenty cc. of the second 
0.1800 gram of bismuth trioxide. The lead and bismuth were 
accurately determined after dilution to a liter. Twenty cc. of 
these two nitrate solutions were then introduced into a beaker 


1 Ann. chem. phys. Pogg., 110, 425. 
2 J. prakt. Chem., 74, 348. 

3 Ber. d. chem. Ges., 25, 124. 

4 Zischr. anal. Chem., 27, 650. 
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glass, carefully diluted and almost neutralized with sodium car- 
bonate, or until the incipient precipitate dissolved slowly, when 
considerable sodium formate solution of sp. gr. 1.084 and a few 
drops of aqueous formic acid were added. The total dilution of 
the liquid was 250 cc. It was gradually heated to boiling and 
held at that point for fve minutes. The precipitate was then 
allowed to subside, but was filtered while yet hot. The basic 
formate separates rapidly and is easily washed if not boiled too 
long. It was washed with hot water, then dissolved in dilute 
nitric acid and precipitated with ammonium carbonate. The 
ignited bismuth trioxide weighed too much ; it contained lead. 
However, the impure oxide was dissolved in nitric acid, diluted 
to 250cc., and after the addition of sodium carbonate to almost 
complete neutralization, sodium formate and free formic acid 
were added as before, and the precipitation of basic formate 
repeated. ‘This precipitate after solution and the bismuth thrown 
out by ammonium carbonate gave 0.1804 gram of bismuth 
oxide instead of 0.1800 gram as required by theory. Seven 
additional separations, in which the quantities of bismuth and 
lead were the same as indicated above, gave: 

0.1806 gram of Bi,O3. 

Ge00 eS 

0.1803 
0.1804 “* « 

owoe * « $ 

0.1805 

o.1796° ** 7S 

The conditions in these determinations were similar to those 
previously outlined. 

With a solution containing 0.3600 gram of bismuth oxide and 
0.2076 gram of lead oxide, operating in an analogous manner, 
two results were obtained : 

0.3595 gram of Bi,QO3. 
GGen Sh ao™ 


instead of the required 0.3600 gram. 
The residual bismuth trioxide was examined for lead, but 


none was fouid. 
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XLVIII.—ON SOME NEW FORMS OF GAS GENERATORS.’ 


By THoMAS H. NorTon. 


Received August 27, 1896. 
MPROVEMENTS in the construction of the automatic gener- 
| ators, for the gases most frequently used in our laboratories, 
are always welcome. The following three types, which I devised 
some time since, have been subjected to prolonged trial in the lab- 
oratory of the University, and have givensuch satisfactory results, 
that a detailed description would seem worthy of publication. 
In Fig. 1 is represented a gas generator for hydrogen, hydro- 
——=6— gen sulphide, etc., which differs in several 
ti details from well known types of the same 
. } general outline. It is constructed of glazed 
earthenware, and is easily made in our ordi- 
(° nary pott@gies. 4, the outside container, is 
provided with handles on the outside, and is 
ordinarily sixty cm. in height. Its chief 
peculiarity is the presence on opposite sides of 
the inner wall, of the shoulders DD, each 
about four cm. wide and slightly concave on 
the lower surface. J, the gas reservoir, is of 
the ordinary bell-jar construction, with orifice 
at the top for the introduction of a perforated 
stopper and outlet tube. It is provided with 
projecting ssouitititin three cm. wide, corresponding to DD, and 
at such a height that they barely slip beneath the latter. At the 
bottom are frequent circular perforations, one centimeter in 
diameter, to allow of the easy passage of the acid charge. The 
recipient C, designed to hold zinc or any solid charge,*is pro- 
vided with a loose disk perforated with many fine openings and 
resting upon the shoulder of the constriction. Beneath the con- 
striction are perforations corresponding to those in &. A strong 
copper wire or rod, passing through the perforations of both 
parts of the apparatus, holds & and C in their mutual position to 
each other. 


1 Read before the American Association for the Advancement of Science at the 
Buffalo Meeting. 
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The working of the generator is exceedingly simple. C 
receives its charge of zinc, marble or ferrous sulphide. JB is 
placed over it. The copper rod is passed through the perfora- 
tions at the bottom. 2 with C is then introduced into 4, and 
turned until the shoulders of B are beneath DD. A is then 
filled with the acid charge. The buoyancy of £# is partly 
overcome by the rigid attachment of C, and entirely prevented 
by DD. Gas can be drawn off as desired, by opening the tap 
at the outlet tube. When, as naturally occurs, the acid in the 
lower portion of the generator becomes weak and the evolution 
of gas sluggish, the exit tap is closed, # is turned slightly so as 
to be free from YD, and is then lifted, by grasping the neck, 
along with the holder C, until entirely above the surface of the 
acid. Both are then plunged to the bottom of 4, and a few 
repetitions of this churning movement renders the acid charge 
of uniform strength. 

This style of generator has rendered excellent service. For 
example, one sixty centimeters in height easily supplies all the 
hydrogen sulphide required by a class of thirty in qualitative 
analysis. The special advantages of this generator are to be 
found inthe ease and simplicity with which the buoyancy of the gas 
reservoir is overcome and the acid charge is maintained at a 
uniform strength until practically exhausted. 

In Fig. 2 we have a less compact and less transportable form, 
a= but one which maintains the uni- 
form strength of the acid charge 
until it is exhausted, without the 
need of special manipulation, as 
described above. It is particularly 
designed for use where small amounts 
of hydrogen sulphide are in constant 
requisition, as in the laboratory for 
qualitative analysis, and it has the 
advantage of being capable of easy 
construction from the glassware 
found in any well equipped labora- 
tory. A is a capacious tubulated 
ei bell-jar inverted and resting upon 
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either a tripod or the ring of an ordinary support. The perfo- 
rated stopper in the neck is traversed by aT tube. One terminal 
of this tube is connected with a simple Bunsen valve, 2, 7. e., 
a piece of rubber tubing, closed at one end and provided with a 
clean cut slit in the rubber some two cm. in length. The other 
terminal of the T tube is connected with C in the upper portion 
of 4d. The attachment C is similar to that frequently introduced 
between suction pumps and filtering flasks. It is the reverse of 
#& in its construction, allowing a current of liquid to enter from 
the outside through the rubber valve. A serves as a reservoir 
for the acid charge. The third external terminal of the T tube 
is connected with the tubulus of the lower portion of an ordinary 
lime drying tower, 2), preferably of the largest size constructed. 
D serves as the recipient for the ferrous sulphide, etc., which 
may be used, and is provided with a perforated disk at & and 
the outlet tube F, the latter on a level with the top of 4d. The 
working of the generator is exceedingly simple. A is charged 
with acid and J with, say, ferroussulphide. When / is opened 
the acid flows through C into Y. When F is closed the pressure 
of the gas evolved forces the acid back into 4 through #2. The 
result is that the supply of acid furnished D is always from the 
top of the reservoir 4, and hence stronger than that found in 
the lower strata, which are successively of greater specific 
gravity, weaker in acid and richer in saline matter, as the bot- 
tom is approached. The arrangement permits of a very com- 
plete utilization of the acid. When the current of gas isin con- 
tinuous demand, and evolution becomes sluggish, it is necessary 
to close the tap at # for a short time until the liquid in VD is 
driven back into -4. 

Care must be exercised in constructing the valve at C, sothat 
it will yield to a very slight pressure. To effect this the slit in 
the rubber should be at least two cm. in length. When 
the apparatus is used exclusively for the evolution of hydrogen 
sulphide to be employed in qualitative analysis, it is desirable to 
have beyond / some device which regulates uniformly the 
strength of the current of gas and keeps it within the limits of 
easy absorption. In practice this has been accomplished most 
simply by introducing into the rubber tube attached to Fa short 
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piece of glass tubing, one end of which is drawn out so as to 
form a very narrow opening. 

Essentially the same principle for the control of the strength 
of the acid charge is to be found in the generator devised 
recently by Professor Harris. In consequence of the costly 
character of the latter, due largely to the use of valves of elabo- 
rate construction, the form of generator just described may be 
welcome to many on account of its simplicity and inexpensive- 
ness. 

An automatic chlorine generator based upon the use of manga- 
nese dioxide, has long been desired. In Fig. 3 is shown such 
a generator which for six years has 
rendered satisfactory service, both 
on the lecture table and in the 
laboratory. The essential parts 
only are outlined without the 
accompanying supports. 4 is a 
copper funnel, provided with a 
hollow projection C, on one side, 
perfectly similar in make to the 
funnels used for hot water filtra- 
tion. It can be advantageously re- 
placed by the more graceful and 
modern type of aluminum funnel, 

FIG. 3. resting ina ring burner. The res- 
ervoir B is of glass, and is an article of current manufacture, 
obtainable from all dealers in chemical glassware. The long, 
tapering neck is tightly fastened in the neck of the funnel by 
means of a section of rubber tubing. A large opening at the 
top, closed by a rubber stopper, serves for the admission of 
the charge. Ina smaller tubulure on the side is a perforated 
rubber stopper with outlet tube and tap. The funnel with 
its reservoir is held firmly in a support, so that the end of C is 
about two cm. above the top of an ordinary burner. A perfo- 
rated plateis introduced into B so as to prevent solid matter from 
falling into the narrow neck. The latter is connected at D with 
a large tubulated bottle £, which serves as a reservoir for hydro- 
chloric acid, and is attached to a support so that it can be raised 
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or lowered at will. When in use @ is filled to two-thirds of its 
capacity with manganese dioxide, large lumps alone being used, 
as powdered mineral may easily cause a stoppage of the connec- 
tions. F is filled with hydrochloric acid and raised to a level 
slightly above the top of 8. Water is poured into the funnel 4 
until it is nearly full, and a lamp is placed under C. As soon as 
the temperature has reached about 80°, a very small flame suf- 
fices to maintain the activity of the generator. When the exit 
from B is open, the acid enters and the evolution of chlorine 
continues until checked by closing the tap, when the acid is 
driven back into &. A slight agitation of the latter before 
opening the tap serves to prevent the accumulation of a stratum 
of weak acid at the bottom. It is advisable to lower the reser- 
voir £ when a current is not required, so as to avoid pressure 
and any possible escape through minute leaks. In practice it 
is also found desirable to connect the opening of & by a 
flexible tube with a bottle of caustic soda solution, the tube ter- 
minating at the surface of the solution. This prevents any 
escape into the surrounding air of chlorine, with which the con- 
tents of £ are,soon saturated. When thus arranged a current 
of the gas can be taken at will from the generator, the sole con- 
dition being the maintenance of a small flame beneath C. The 
manifold advantages of such a device, especially for the lecture 
table, will be appreciated by all who attempt an extended series 
of experiments with chlorine. As described above the genera- 
tor can be readily constructed from pieces of apparatus ordinarily 
found in a well equipped laboratory. I have found a generator 
in which the reservoir B contains 1500 cc., a very convenient 
size for use in the lecture room. 


MINERAL CONSTITUENTS OF THE WATERTSIELON. 


By GEORGE F. PAYNE. 


Received September 28, 1896. 
HE watermelon is not a crop that is widely grown even in 
this country with great success. It is this very reason 
which makes it a desirable crop to handle in Georgia, as the 
watermelons in this state attain finer flavor, crispness, juiciness 
and sweetness than anywhere else in the world. 
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Upon analysis of two medium-sized watermelons cut up and 
mixed together, we found them to contain just one-third per 
cent. of pure ash, calculated as free from carbonic acid. The 
exact figures were 0.3338, which in our calculations we will 
round off into an even one-third, which it practically is. 

The composition of watermelon ash is as follows : 





Per cent. 

Sulphur MINER os rdw 2k orale a a incghs ahh aal@ WiarS WS Re ware eR Wie A 4.41 
EN RAO a bo ip ha 3 oo SWS 0 0 OSS GIR Win ul een 6s ep ewe race 5-54 
Magnesium Oxide ---- esse ee cece eeeee ceecenccccesce €.74 
RGN ETRE 16 4555 910.0 6:00 Sask be Nee eNews bk eweeeOwe se 61.18 
a NAAR a aig oa sig ails sor a'al ce is Wie Rate EO RS eA 4:37 
aR RESORT IMINRE AS 505s, 6c -kis ooh Kew Ow Ow Ww aa eae ersln Nola Karem 2.15 
Phosphorus pentoxide a Winsie eine Drea Cee Oia alae ae eae 10.25 
OIRO 5 50 010099665 5 6:6905s 955s WON SSE Ne Ree eelanes 4.94 
Tron Se€SQuioxide ..--. see cere eeeee cee ceeeereceecces 0.48 

AG ics ie ss 59% 5s bed ew sae ahlendeoeeRae ess 100.00 


A good average crop of watermelons is considered to be about 
one-half carload to the acre, though much larger crops than this 
are sometimes made. Large watermelons are also considered 
desirable, hence in considering what is carried off from the land 
by the removal of the crop, it is well to consider how much 
would be taken off by a large crop, as it is the large crops which 
we desire to produce. We have before us a report of a crop of 
watermelons upon an acre of land which is an unusually large 
one, but which was weighed up in the presence of disinterested 
witnesses and sworn to by them as being honestly grown upon an 
acre and correctly weighed. This crop weighed 39,766 pounds. 
One-third per cent. of such a crop would be pure ash, and conse- 
quently the mineral plant food taken out of an acre of land by 
such a crop would be as follows: 


Pounds. 
Sulphur SRNR aa ss ahaa isis aw Wate ore aie ek oe See a od 5.85 
RAR ITEMNINENG Gis s5 4's: 65h ed Win 0.04 6 alse e600 Da 8N Wd Naa H wwe ee 7.34 
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RNR INRNNIN goss 590,45 0-4 wreak 4.50149, 00S. > Sled Sores See eO 81.09 
eG Eis nde aiale Hib) p RESO sO T EDT aD wa Sapa sel Kees 5.71 
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Phosphorus pentoxide ba rasta wraRn ee we bleereerd Oreaierwessiare ay aieis 13.59 
Se MMNEMANE cy ca al bie 6 er Raleiw bso 0G ald dvlbre bs WUE eo wIUS eRe Wales we 6.55 
Tron S€SquiOxide...... cess cece cece sees cenecececese ees 0.64 
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In the crop mentioned above to replace the phosphoric acid 
and potash carried off from one acre by the melons alone, not 
taking into account the vines and roots, would require: 


Pounds. 
Acid phosphate (thirteen per cent. P,O;)..-...+--- se 100 
Muriate of potash (fifty per cent. K,O) ----+-+..+ eee 160 


A fair crop of melons upon good land, however, is usually 
considered to be about one-third of the above large crop or about 
one-half carload. If we estimate then the amounts of phos- 
phoric acid and potash required for an average crop of fair char- 
acter, such a crop will take from the soil materials to replace 
which will require about : 


Pounds. 
AGid) PHOGDHALE S sive << 66 scien cles nces ceecasclewsce cesses 334 
Marinte.of potest c<<+ case ce cde sneccces sme neesaeseaee 531 


This will give about four and one-half pounds of available 
phosphoric acid to anacre, and about twenty-seven pounds of 
pure potash to an acre. The usual goods on the market guar- 
antee about ten per cent. of available phosphoric acid and about 
one per cent. of potash. The use of 300 pounds of such goods 
upon each acre of watermelons, furnishes thirty pounds of avail- 
able phosphoric acid, or about six and one-half times as much 
as is needed to replace what is carried off by the watermelons. 
It also furnishes about three pounds of potash, which is only 
one-ninth of what is carried off by the crop removed. This being 
the case it shows with what advantage and economy the water- 
melon grower can replace a large proportion of his phosphoric 
acid with potash. 





[CONTRIBUTION FROM THE CHEMICAL LABORATORY OF THE U. S. DEPART- 
MENT OF AGRICULTURE, NO. 22.] 
A MODIFIED FORM OF THE EBULLIOSCOPE., 


By H. W. WILEY. 


Received September 26, 1896. 

HE determination of the alcohol in wines and beers, from 

the temperature of the vapors given off on boiling at 
atmospheric pressures, has long been practiced. The instru- 
ment by means of which this determination is made is known as 
the ebullioscope or ebulliometer. The use of this instrument 
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was proposed many years ago by Tabarié, and it has been 
improved by Malligand, Salleron and others. 

It is evident that if so simple an apparatus could be made to 
give accurate data, it would come into general use for ordinary 
purposes. The difficulties which have attended the use of the 
ebullioscope, however, have been of such a nature as to render 
the data given by it somewhat unreliable. Among these diffi- 
culties may be mentioned the fact that a wine or beer contains 
a considerable quantity of dissolved matters, which serve to 
render the temperature of the boiling liquid higher than the 
temperature of a mixture of a similar percentage of alcohol with 
water. While the temperature of the vapors emitted are, theo- 
retically, not influenced in a marked degree by the initial tem- 
perature at which they are formed, nevertheless, in practice it 
has been shown that the tendency of the higher initial boiling 
point is to give a higher reading to the thermometer whose bulb 
is surrounded by the emitted vapors. 

Another difficulty attending the use of the ebullioscope is 
found in the fact that the percentage of alcohol in the vapors 
emitted is much greater than in the residual liquid. As a result, 
it is difficult to establish a balance between the condensed vapors 
and the liquid remaining in the flask, in such a manner as to 
secure a continuous evolution of a vapor containing a definite 
proportion of alcohol. 

In the third place, it has been customary to return the con- 
densed vapors through the apparatus in such a way that they 
come in contact with the uncondensed vapors surrounding the 
thermometer. By this means the vapors surrounding the bulb 
of the thermometer are subjected to changes of temperature 
which render it difficult to get a mean reading of the height of 
the mercurial column in the instrument. The variations which 
the mercurial column may undergo amount, in some instances, 
to two or three-tenths of a degree and as each tenth of a degree 
represents approximately a tenth of a per cent. of alcohol, it is 
not difficult to see that these variations would tend to lead to 
erroneous results. 

In the fourth place, barometric changes, which are constantly 
taking place in the atmosphere, change the boiling point of the 
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vapor of water so that it is frequently necessary to check the 
instrument with pure water, in order to have an initial tempera- 
ture for the calculations. 

In the apparatus which is presented, an effort has been made 
to remedy the difficulties 
which have been mentioned 
above. The apparatus con- A 
sists of the flask -, which 
is closed by a rubber stop- 
per carrying the large ther- 
mometer 7 and a tube lead- 


co 




















ing to the condenser J. 4 t 

The vapors which are given if > 

off during ebullition are 3 D 
condensed in J and return Ci 

to the flask through the H! 

tube, as indicated in the ss i 





figure, entering the flask 
below the surface of the 
liquid therein. | 
The flask is heated by a F FE 
gas lamp and is placed 


———— 


upon a circular disk of as- 
bestos in such a way as to 
entirely cover the hole in 
the center of the asbestos 
disk, which is a little small- 

er than the bottom of the 
flask. The whole appara- / 
tus is protected from exter-  / 
nal influences of tempera- L 
ture by the glass cylinder £, which rests upon the asbestos disk 
below and is covered with a detachable, stiff rubber cloth disk 




















above. 

The thermometer C indicates the temperature of the ambient 
air between “and &. ‘The reading of the thermometer # should 
always be made at a given temperature of the ambient air, as 
indicated by C. The tube leading from the top of the conden- 
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ser D to the left, is made long and is left open at its lower 
extremity, in order to secure atmospheric pressure in F, and at 
the same time prevent the diffusion of the alcohol vapors 
through D. 

The flame of the lamp is so regulated as to bring the tem- 
perature of the thermometer C to about go0° in ten minutes 
for substances not containing over five per cent. of alcohol. 
After boiling for a few minutes, the temperature, as indicated in 
the thermometer Z, is constant, and the readings of the ther- 
mometer should be made at intervals of about half a minute for 
two minutes. Some pieces of scrap platinum placed in the flask 
will prevent bumping and secure a more uniform evolution of _ 
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vapor. 
Slight variations, due to the changes in temperature of the 
vapor, are thus reduced to a minimum effect upon the final 
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results. 
The apparatus is easily operated, is quickly charged and dis- 
charged and with it at least three determinations of alcohol can 


be made in an hour. 

The thermometer used is the same as is employed for the 
determination of freezing and boiling points in the ascertain- 
ment of molecular weights. The reading of the thermometer is 
arbitrary, but the degrees indicated are centigrade. The ther- 
mometer is set in the first place by putting the bulb in water 
containing sixteen grams of common salt to roo cc. When the 
water is fully boiling, the excess of mercury is removed from 
the column in the receptacle at the top and then, on placing in 
ordinary boiling water, the column of mercury will be found a 
little above the 5° mark. This will allow a variation in all of 5° 
in the temperature, and a thermometer thus set can be used for 
the estimation of percentages of alcohol from one to five and a 
half, by volume. When the liquor contains a larger percentage 
of alcohol than this, it is advisable to dilute it until it reaches 
the standard mentioned. 

In order to avoid frequent checking of the thermometer, ren- 
dered necessary by changes in barometric pressure, I use a sec- 
ond apparatus made exactly as the one described, in which 
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water is kept constantly boiling. It is only necessary in this 
case to read the two thermometers at the same instant in order 
to make any necessary correction required by changes in baro- 
metric pressure. 

It is not my purpose here to submit a table showing the per- 
centages of alcohol corresponding to any given depression in the 
temperature of the boiling vapor. It is only necessary to call 
attention to the fact that for the percentages named, the platted 
line showing the variation in depression from o° to five per 
cent. by volume of alcohol is practically straight and that for 
each 0.8° change in the boiling point of the vapor, there is a 
change of about one per cent by volume of alcohol. This rule 
can be safely applied for practical purposes to all liquors con- 
taining not more than five and five-tenths per cent. of alcohol. 
For instance, if, in a given case, the temperature of the vapor of 
boiling water, as marked by the thermometer, is 5.155°, andthe 
temperature of the vapor of a sample of beer is 2.345°, the depres- 
sion is equivalent to 2.810°, and the percentage of alcohol by vol- 
ume is therefore 2.81 divided by 0.80 = 3.51. 

The thermometer used is graduated to hundredths of a degree 
and is read by means of a cathetometer, which will easily give 
readings to five thousandths of a degree. 

The reading of the thermometer is facilitated by covering the 
bulb with a test-tube containing water. The high specific heat 
of the water distributes evenly any little variations of tempera- 
ture which otherwise would cause the mercurial column in ther- 
mometer # to oscillate. The water jacket also serves as a pro- 
tection against the projection of any particles of the boiling 
liquor directly against the bulb of the thermometer. 

It is believed that this apparatus is the best form of ebullio- 
scope which has yet been offered for practical use to analysts. 








VOLUPIETRIC DETERIIINATION OF ACETONE. ' 


By EDWARD R. SQUIBB. 


Received November 9, 1896. 

r the Moniteur Scientifique of 1893, 41, 4 Serie, Vol. 7, 1°, p. 

272-274, MM. J. Robineau and G. Rollin publish a paper 
entitled, ‘‘ Dosage Volumetrique de L,’Acetone,’’ and the fol- 
lowing is, first, a free translation and abridgement of this paper; 
and second, the detail of an improvement of the process whereby 
it is rendered easier, more simple, quicker, and better adapted 
to technical uses, whilst still sufficiently accurate for most pur- 
poses. 

FIRST, FREE TRANSLATION. 

The common way of determining the proportion of acetone in 
a liquid containing it is to convert the acetone into iodoform by 
means of iodine in the presence of soda after eliminating from, 
the liquid everything that would interfere with the proper reac- 
tion. 

For this process binormal solutions of iodine and of sodium 
hydroxide are used, and the precipitated iodoform is washed, 
dried, and weighed, or is dissolved in ether, and the whole or 
a fraction of the ethereal solution is dried over sulphuric acid 
and weighed. 

The appreciable volatility of iodoform at ordinary tempera- 
tures introduces a source of error that is objectionable, especially 
when dealing with small quantities. 

But, aside from this, the time required for this process is rela- 
tively so long that we have sought to change it to a volumetric 
process that is more rapid. 

Our proceeding consists in mixing the acetone with a solution 
of potassium iodide and sodium hydroxide, and then transform- 
ing it into iodoform with a titrated solution of a hypochlorite. 
The end reaction is indicated by the appearance of a blue color, 
when a drop of the liquid is touched with a drop of bicarbonated 
starch solution. 

From the quantity of hypochlorite used the quantity of ace- 
tone is deduced. 


1 Read before the New York Section of the American Chemical Society, November 
6th, 1896. 
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For it happens that the presence of even the smallest trace of 
an alkaline hypoiodite, in a solution of soda, gives a blue color 
with a starch solution which contains an excess of sodium bi- 
carbonate. 

Again, a liquid containing acetone, an iodide and caustic soda 
in excess, and into which a solution of hypochlorite is passed, 
gives no reaction with bicarbonated starch until the whole of 
the acetone is converted into iodoform. 

This proceeding, however, only gives constant results when 
certain precautions are taken. Unless the liquid containing the 
acetone be sufficiently alkaline, an excess of hypochlorite will 
be required to decompose all the acetone. 

The potassium iodide must be in excess. 

The dilution must be fairly uniform, and the concentration of 
the hypochlorite about the same for the different titrations. 

The process should not be used in too strong a light. 

It is very important that the liquid should be constantly 
stirred during the additions of the hypochlorite. 

The strength of the hypochlorite solution is ascertained by 
trial against a pure acetone made by the bisulphite process. 

PREPARATION OF THE HYPOCHLORITE. 

For the titration of liquids containing considerable proportions 
of acetone, the hypochlorite solution is prepared as follows : 

To 500 cc. of the concentrated solution of sodium hypochlorite 
of commerce, which tests from forty-five to fifty-five volumes of 
chlorine, an equal measure of water, and ten cc. of solution o 
pure soda of 36° B., are added, and the solution is kept in an 
amber colored bottle, well corked. 

TITRATION OF THE HYPOCHLORITE SOLUTION. 

About two grams of pure acetone from bisulphite is weighed 
off and diluted to 500 cc. 

Then ten grams of pure potassium iodide is put into a conical 
Bohemian beaker and 100 cc. of the diluted acetone and twenty 
cc. of solution of caustic soda of 28° B. are successively added, 
and the whole is stirred until the iodide is dissolved and the 
liquid is homogeneous. 
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Into this the hypochlorite solution is passed drop by drop 
from a burette, with constant stirring, precipitating the iodoform 
in large flakes which easily settle out. When farther additions 
of the hypochlorite give but a light cloudiness a drop of the 
liquid is transferred to a white porcelain plate by means of a 
glass rod and is there brought in contact with a drop of the 
bicarbonated starch solution. As soon as the hypochlorite is in 
excess the blue color appears very distinctly. The volume of 
hypochlorite used is then read off from the burette, and then 
for security of result the titration is repeated. 

Example.—2.081 grams pure acetone is weighed off and diluted 
to 500 cc; 100 cc. of this solution requires 22.5 cc. of the hypo- 
chlorite. This gives for each cc. of hypochlorite 0.01874 gram 
of pure acetone. These results are liable to vary a little if the 
conditions of the experiment vary much. The stirring is sup- 
posed to be constant, and the hypochlorite solution to be regu- 
larly added. 

If to 100 cc. of the diluted acetone 100 cc. of water be added 
and the same quantities of iodide and soda as above, 22.05 cc. 
of hypochlorite is required instead of 22.5 cc. In using forty cc. 
of the soda solution instead of twenty cc., twenty-two cc. of the 
hypochlorite is required. In using sixty cc. of soda solution 
instead of twenty cc., 21.6 cc. of the hypochlorite is required. 
In using ten cc. of soda instead of twenty cc., twenty-three 
cc. of the hypochlorite is required. 

These results show that dilution of the acetone and a small 
excess of soda have but little influence, but that a deficiency in 
alkalinity has a very considerable effect on the quantity of hypo- 
chlorite required. And farther, that the alkalinity indicated by 
twenty cc. of soda solution of 28° B. appears to be normal. 

Under the given conditions of alkalinity and dilution the rela- 
tions between acetone and the available chlorine of the hypo- 
chlorite is obviously one molecule of acetone to six atoms of 
chlorine. 

The solution of hypochlorite used by us was the liquor of 
Penot, testing 21.56 volumes. 

The titration of the hypochlorite with pure acetone may be 
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omitted, simply determining the available chlorine of the liquor 
of Penot instead, but we prefer the titration with pure acetone. 
DETERMINATION OF ACETONE IN A COMPLEX LIQUID. 

We give as an example of this the titration of a complex 
liquid made with precision, which liquid has served us to con- 
trol the accuracy of the process. 

The complex liquid contained : 

1.510 grams water, 

1.677. ‘* ethyl alcohol, | 39.98 per cent. ace- 
1.550 ‘* methyl alcohol, pure ( tone. 

3.149 ‘‘ acetone, pure from bisulphite J 

Of this mixture 3.2445 grams was weighed off and diluted to 
500 cc. Proceeding as before 100 cc. of this dilution, ten grams 
of potassium iodide, and twenty cc. of soda solution of 28° B. 
required 13.85 cc. of the hypochlorite. This by calculation 
gives 39.99 per cent. of acetone, and thus verifies the composi- 
tion of the complex liquid; and it is seen that the presence of 
ethyl alcohol is without influence on the result. 

The effect of the presence of paraldehyde in the same complex 
liquid was tried by a similar titration. 

To 1oo ce. of the complex solution corresponding to 0.4162 
gram of pure acetone, ten cc. of an aqueous solution containing 
five per cent. of pure paraldehyde was added (say one-half 
gram) or a little more paraldehyde than acetone. This mixture 
took 22.4 cc. of the hypochlorite instead of 22.2 cc. as required. 

This variation is slight for the relatively large proportion of 
paraldehyde, and is greater for larger proportions, but instances 
are rare in which paraldehyde is present in such proportions. 

In all such instances where the presence of the aldehyde has 
been established by the process of Bardy, the acetone should be 
purified by this process before titration. 

For the determination of acetone in very dilute solutions a 
solution of hypochlorite of one-fifth of the above strength is pre- 
ferred. That is,a solution containing four or five volumes of 
available chlorine, and the degree of alkalinity should be pro- 
portionately reduced. 

With a little practice it is easy to judge as to how much ace- 
tone is present in a liquid to be titrated, and from this to judge 
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of the corresponding quantity of hypochlorite required, and in 
this way keep the conditions of the method nearly uniform, and 
the more uniform the conditions the more constant the results. 

This process has the great advantage of being rapid, and thus 
of permitting a number of titrations being made in a short time 
with results sufficiently accurate. 

REMARKS. 

The reaction used in this titration is very delicate, and where 
traces of acetone are concerned it is better seen when there is 
excess of iodide and of soda and but little hypochlorite. An 
aqueous solution of 0.004 gram of acetone in the liter gives 
a heavy cloudiness immediately. The reaction with 0.0012 gram 
of acetone in the liter is seen in a few moments. With 0.0008 
gram to the liter the reaction is difficult to see. This reaction 
should not be made ina bright light. In sunshine or in a very 
bright light the traces of fodoform produced disappear very 
rapidly, the liquid becoming clear, but in a dim light the pre- 
cipitate does not disappear, 

The titrated solution of hypochlorite should be kept in amber- 
colored glass in a cool place and sheltered from bright light. 
The titration should be frequently repeated, because it varies 
rather rapidly, especially when diluted. We have madea series 
of experiments on this point, which strikingly show these varia- 
tions under different influences. A solution of hypochlorite 
prepared for titrations gave 22.16 volumes of available chlorine ; 
kept ina cool place, in obscurity for six days, it gave 21.96; kept 
in colorless glass, corked, in a bright light, most of the time in 
sunlight, for seven days, it gave 12.32. In a water-bath at 
100° C. for a quarter of an hour it gave, when cooled, 19.48. 

END OF TRANSLATION. 

The rapidly increasing uses of acetone in the three years that 
have passed since the publication of this important paper of 
Robineau and Rollin have given to it so much additional impor- 
tance that it seemed well to the present writer—who early 
adopted this volumetric method—to attempt to modify the 
method in the direction of greater simplicity and rapidity, even 
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if this should be at the cost ofa little of its accuracy. As ace- 
tone comes more and more to take the place of both ethyl and 
methyl alcohol as much the better solvent for most purposes, 
and as its manufacture is cheapened, it becomes more and more 
desirable to have a rapid and easy way of estimating its propor- 
tions in mixtures or under conditions to which specific gravity 
is not applicable. 

Therefore, taking the above quoted paper as a basis, and giv- 
ing full credit to the authors of it for every important principle 
and step of the method, the following slight modifications are offered 
as the result of about three months’ experience with the original 
process and over a year’s experience with the modifications. 

STANDARD SOLUTION OF ACETONE. 

A flask of 100 cc. capacity containing about fifty cc. of dis- 
tilled water is carefully weighed. To this is added about thir- 
teen cc. of pure acetone, made by the bisulphite process. The 
weight is then again taken, when it will be found that the ace- 
tone added is a fraction more or less than ten grams. The dilu- 
tion is then transferred to a measuring flask, the weighing flask 
being rinsed in and is farther diluted with distilled water until 
each ten cc. of the dilution contains one-tenth gram of acetone. 
This is kept in a well stoppered bottle of dark glass, for, 
although the writer has no evidence of any change taking place 
in acetone, and believes it to be quite as permanent as ethyl 
alcohol, still it may be well to keep a dilute standard solution 
protected against bright light. 

Of this solution or dilution ten cc. equal to one-tenth gram of 
acetone, is accurately measured off for each titration of the solu- 
tion of hypochlorite. 


SOLUTION OF POTASSIUM IODIDE. 


Of this salt 250 grams are dissolved in distilled water, and 
the solution is made up to one liter, when each ten cc. will con- 
tain two and a half grams of the iodide. 


SOLUTION OF SODIUM HYDROXIDE. 


Of commercial caustic soda, purified by alcohol, 257 grams is 
dissolved in distilled water, the solution made up to one liter, 
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and set aside until it settles quite clear. Then 850 cc. of clear 
solution is poured off and added to the solution of potassium 
iodide, making 1,850 cc. of total solution. 

Of this solution twenty cc. is taken for each titration. 

The remainder of the soda solution is again allowed to settle 
clear for farther use in the hypochlorite solution. 

SOLUTION OF SODIUM HYPOCHLORITE. 

The officinal solution of chlorinated soda of the U.S. Pharma- 
copeeia (‘‘Liquor Sodz Chloratz,’’ U. S. P.) answers very well 
for this process, the officinal strength of two and six-tenths per 
cent. of available chlorine being quite convenient. 

To a liter of this solution in a bottle of dark glass, twenty-five 
cc. of the above described clear soda solution is added and the 
mixture well shaken. 

If in buying the ‘‘ Solution of Chlorinated Soda’’ of the U. S. 
P. for this process it should be found, asis not unfrequently the 
case, weaker than is required by the U.S. P., or, if by keep- 
ing it becomes weaker, this will be at once discovered on 
balancing it against the standard acetone solution, and so long 
as the one-tenth gram of acetone does not require more than say 
twenty cc. of the more dilute hypochlorite, the formula need 
not be modified. 

If there be much ofthis titration to do it is very convenient to 
fit this bottle with an automatic zero burette,' as shown in the 
following illustration, this form being, so far as is known, origi- 
nal with the writer and very convenient for general rapid work- 
ing with a burette. The advantage is, beside that of rapid and 
easy working, that it does not require a special burette and is 
easily fitted up from the resources of any laboratory. 

BICARBONATED STARCH SOLUTION. 

Starch, 0.125 gram, is mixed with five cc. of cold water, and 
-then added to twenty cc. of boiling water and boiled. When 
cold two grams of sodium acid carbonate is added and stirred 
until dissolved. Kept in a colorless bottle this solution does not 
sensibly diminish in delicacy or reaction in three months. But 
for how much longer it would remain good for this reaction was 


not tried. 
1This Journal, 16, 145. 























AUTOMATIC ZERO BURETTE. 
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THE TITRATION. 


The burette being filled with the solution of sodium hypo- 
chlorite, ten cc. of the standard solution of acetone (equal to one- 
tenth gram of acetone) is measured into a beaker of about fifty 
cc. capacity, and twenty cc. of the mixed solution of iodide and 
soda is added and stirred well. Into this the hypochlorite solu- 
tion is passed in rapid dropping, with constant stirring, until 
eight or ten cc. has been run in. Then the precipitated iodo- 
form is allowed to settle out, and a drop or two more hypo- 
chlorite is added. Should this produce a dense cloudiness one- 
half cc. more hypochlorite is added, and well stirred and again 
allowed to settle. Then a drop or two more of hypochlorite is 
added. If there should still be a cloudiness, another one-half 
cc. of the hypochlorite is added and well stirred, and so on until 
the cloudiness is very slight. Then the starch testing begins. 

A small drop of the liquid is transferred by a rod to a white 
porcelain tile or plate, and a {similar small drop of the starch 
solution is placed very near it. Then with the first rod the 
drops are made to connect by a fine line, so that the whole has 
a dumb-bell form. If there be no blue color, one or two-tenths 
cc. more of the hypochlorite is added and well stirred, and the 
testing is repeated, until finally a blue line will be seen at the 
moment of contact of one drop with the other. If the last nega- 
tive testing has taken 10.4 cc. from the burette, and this posi- 
tive testing, which has given the blue line, required 10.6 cc., 
then the accepted reading would be 10.5 cc., and this would be 
the hypochlorite equivalent of one-tenth gram of acetone. If 
the blue line be very faint, it will be momentary only, and will 
indicate that the excess of hypochlorite is very small, and that 
10.6 cc. is a closer reading than 10.5, but the process is not 
sufficiently accurate to take much account of such differences, 
since even with much experience and great care it is hardly 
practicable to get any two titrations to agree within one-tenth 
ec. of hypochlorite. 

Having then 10.5 cc. as the hypochlorite equivalent of one- 
tenth gram of acetone at this time, it is easy to estimate any 
smaller or larger quantity of acetone that requires a smaller or 
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larger quantity of the hypochlorite by the equation 10.5 : 0.1: : 
a22. 

But this hypochlorite solution is liable to diminish in strength 
by keeping, and therefore must be standardized by this standard 
acetone solution as often as the accuracy of the determinations 
may require. At timesthe change in strength is scarcely per- 
ceptible from day to day in several successive day’s work, but 
in standing for a week or two there will always be a falling off 
in strength to the extent of one-tenth to five-tenths cc. in the 
hypochlorite. The addition of the soda solution appears to ren- 
der the hypochlorite more permanent, just as the sodium bicar- 
bonate renders the starch solution more permanent. But in the 
case of the starch the blue reaction does not occur if the bicar- 
bonate be not present. 

The titration of the acetone present in unknown dilutions re- 
quires first that the strength should be estimated by known con- 
ditions or by sensible properties, in order to keep the proportions 
of the reagents and the dilutions approximately the same, or at 
least not differing very widely when close determinations are re- 
quired. If then the taste and smell should indicate that the ace- 
tone to be tested is below twenty-five per cent., four-tenths cc. 
may be taken for the testing. If over twenty-five per cent. and 
under fifty per cent., two-tenths cc. may be taken. If over fifty 
per cent., one-tenth cc. is sufficient, 

For the adjustment of these small quantities with a sufficient 
degree of accuracy for rapid technical working, it is convenient 
to have a five-tenths cc. pipette divided in 0.01 ce. fitted with a 
rubber bulb, as shown inthe illustration. By screwing the neck 
of this bulb up or down upon the glass, with the point in the 
liquid, close measurements may be quickly made. 

A beaker of fifty cc. capacity containing ten cc. of water is 
weighed and the weight noted, The four-tenths, two-tenths, or 
one-tenth cc. of the sample to be titrated is delivered in the water 
and the weight again taken to give the quantity of the sample 
taken for the titration. Then the twenty cc. of the iodide and 
soda solution is added, the whole well stirred, and the hypo- 
chlorite dropped in, and the end reaction managed precisely as 
described in standardizing the hypochlorite, and the quantity of 
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hypochlorite used is noted. Then as 10.5 cc. of the hypochlorite 
is to one-tenth gram of acetone, so is the quantity of hypochlorite 
now used to the quantity of acetone present in the portion of the 
sample taken for titration. Then as the weight of this portion 
taken for titration is to the quantity of acetone found in it, so is 
100 to the percentage of acetone in the sample. 

For example, a sample supposed to be not far from absolute is 
to be titrated. A fifty cc. beaker with ten cc. of water weighs 
25.283 grams; with one-tenth cc. of the sample added the 
weight becomes 25.360 grams, giving 0.077 gram as the weight 
taken for the titration. To this is added the twenty cc. of iodide 
and soda solution, and the mixture being well stirred, the hypo- 
chlorite is dropped into saturation when seven and nine-tenths 
cc. is found to have been used. ‘Then as 10.5 is toone-tenth, so 
is seven and nine-tenths to 0.0752 gram of acetone in the 0.077 
gram of the sample taken. Then as 0.077 gram of the sample 
taken is to the 0.0752 of acetone indicated, so is 100 to 97.66 per 
cent. of acetone in the sample. 

This is the rationale of the operation, but the calculation is 
shortened by simply dividing the standard hypochlorite (10.5 cc.) 
into the hypochlorite required (seven and nine-tenths cc.) to get 
the corresponding acetone (0.0752 gram), and then dividing the 
weight of the sample taken (0.077 gram) into the weight of ace- 
tone obtained from it (0.0752 gram) to get the percentage pro- 
portion of the acetone (97.66 per cent. ). 

Of course the method of definite dilution, and the titration of 
an aliquot part, as described in the original paper of Robineau 
and Rollin (see translation) is available and more accurate than 
that here recommended, and takes but little more time. 

Where acetone is made, or is much used, and especially in 
processes where it is recovered by distillation to be used over 
again, there is often much need of testing the strength of very 
weak dilutions, and of knowing when acetone is absent. ,In 
many such uses accuracy is not required and rough estimates 
are sufficient. For work of this kind, especially when the 
strength is below ten per cent., the weighing of the sample to be 
tested may be omitted, because the specific gravity is so nearly 
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that of water that the measure may be accepted as cubic centi- 
meter for gram. 
DETERMINATION OF ACETONE IN THE PRESENCE OF ETHYL 
ALCOHOL. 


The standard dilution of acetone containing ten grams in the 
liter was used, and ten cc. of this required 14.3 cc. of the hypo- 
chlorite solution. On repetition 14.4 cc. was required. 

A dilution of ethyl alcohol was made containing ten grams in 
the liter, and ten cc. of this requires one-tenth cc. of the hypo- 
chlorite. On repetition 0.125 cc. was required. 

To ten cc. of the acetone dilution two-tenths cc. of the alcohol 
dilution was added, and this mixture required 14.4 cc. of the 
hypochlorite solution. On repetition 14.4 cc. again was required. 

Toten cc. of the alcohol dilution two-tenths cc. of the acetone 
dilution was added, and this mixture required 0.35 cc. of the 
hypochlorite. On repetition four-tenths cc. was required. 

In each case ten cc. of the iodine and soda solution was used 
and all other conditions were kept fairly uniform. 

In the case wherein the hypochlorite was added to alcohol 
alone no precipitate nor cloudiness was visible, although 0.1 
to 0.125 cc. was required to obtain the starch reaction. When 
acetone had been added to the alcohol one-half this quantity of 
the hypochlorite was sufficient to give decided cloudiness. 

These results appear to confirm the conclusions of Robineau 
and Rollin to the effect that the presence of ethyl alcohol has no 
effect upon the titration of acetone by this method, although 
ethyl alcohol is an iodoform-yielding substance. The small 
quantity of hypochlorite required to obtain the starch reaction 
when alcohol alone was titrated was probably in consequence of 
traces of impurity in the alcohol. 





THE DETERMINATION OF SULPHUR IN CAST IRON, 


BY FRANCIS C, PHILLIPS. 


Received November 10, 1896. 
N a paper read before the American Chemical Society in 
August, 1895,' I have detailed some experiments made in 
the determination of sulphur in white cast iron by the evolution 
method, and have attempted to show that the loss of sulphur in its 


1 This Journal, 17, 891. 
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determination in such iron may be due to the formation of 
organic sulphur compounds not oxidizable to sulphuric acid by 
the usual means. 

By passing the gases evolved during the solution of the iron 
in hydrochloric acid through a heated porcelain tube it was found 
that the volatile organic sulphur compounds may be decom- 
posed and nearly all the sulphur recovered by conversion into 
hydrogen sulphide, oxidation and precipitation as barium sul- 
phate. 

In judging of the correctness of an analytical method it has 
been necessary in the case of the majority of the constituents of 
iron to depend upon a single criterion; that method is regarded 
as most accurate which, being correct in its details, yields the 
highest percentage of the constituent sought to be determined. 
For it is hardly possible to add to pure iron a known percentage 
of sulphur, phosphorus or carbon, and test the method by a 
determination of the added constituent. For the determination 
of sulphur in iron it has been common to regard the method of 
oxidation and solution of the iron by nitric acid, followed by 
precipitation of the sulphur in form of barium sulphate as the 
most accurate, inasmuch that it yields results somewhat higher 
than those obtained by other modes of procedure. 

It does not seem probable that an appreciable error could 
occur in the use of this method unless, in the simultaneous oxi- 
dation of the carbon and sulphur of the iron, an organic sulphur 
compound should be formed. ; 

It has seemed to be of interest, however, to apply a method 
for the determination of sulphur by which all the constituents of 
the metal could be completely oxidized in a dry state and at a 
high temperature, in order to avoid as effectually as possible 
the chances of loss due to the conversion of sulphur into a vola- 
tile compound not oxidizable by ordinary means to sulphuric 
acid. 

In searching for a method which should answer these require- 
ments, it seemed possible that by heating the iron in the form of 
fine powder in presence of a mixture of alkaline carbonate and 
nitrate the sulphur might be oxidized directly and completely 
to the condition of a sulphate without affording an opportunity 
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for the escape of a trace of sulphur in some intermediate volatile 
or soluble compound. Accordingly an experiment was tried in 
the following way: 

An iron containing its carbon in the combined form was 
melted in a crucible and poured while fused into water. The 
granulated metal was crushed in a steel mortar to an extremely 
fine powder. The powder so obtained was sifted through bolt- 
ing sheeting. 

Two and one-half grams of the sifted iron were mixed with 
ten grams of a mixture of equal parts of sodium nitrate and car- 
bonate in a platinum crucible. The crucible was covered and 
heated over a Bunsen burner. At a red heat a sudden and 
rather violent reaction occurred, and having been begun, was 
easily maintained with very little aid from the burner flame. 
The reaction appeared to be complete in a few minutes. After 
heating for a half hour the crucible was cooled and its contents 
softened in water. A residue of a reddish brown powder, con- 
sisting of ferric oxide with a little ferrous oxide, was obtained. 
This residue was found to contain no sulphuric acid, and on 
digesting with hydrochloric acid dissolved without effervescence, 
showing that none of the particles of the original iron had 
remained unoxidized. From the results of this experiment and 
others which need not be detailed here, it seemed to be possible 
to oxidize finely divided iron so completely by heating with 
sodium carbonate and nitrate, that its sulphur might be con- 
verted quantitatively into sulphuric acid. 

The mixture of sodium carbonate and nitrate although tend- 
ing to oxidize finely divided iron, seems to exert a less powerful 
action upon the carbon contained in the iron, and this carbon 
may appear as a black residue after the fused mass has been 
softened and extracted by water and the ferric oxide dissolved 
in hydrochloric acid. 

It seems to be important for the success of the method that in 
the oxidation of the iron the carbon should also be nearly or 
completely oxidized, for if the carbon remained unburned a por- 
tion of the sulphur might escape oxidation. In general it may 
be said that the order of oxidation of these three elements by the 
method used is as follows: 1, iron; 2, carbon; 3, sulphur; the 
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iron being the most easily oxidized, and the sulphur the most 
difficult to oxidize. This order is not exactly what we should 
anticipate, but it is to be remembered that unless the iron grains 
are fine enough to be penetrated by oxygen, and changed com- 
pletely into a soft powder of ferric oxide, the sulphur and car- 
bon have no opportunity to oxidize at all. If the iron could be 
used as an impalpable powder the order of oxidation would prob- 
ably be different. The marked resistance of the carbon to oxi- 
dation has been frequently observed, even when using more 
sodium nitrate in the fusion than is theoretically enough to com- 
pletely oxidize both iron and carbon, supposing that the sodium 
nitrate is reduced only to nitrite in the process. 

Experiments of a similar kind were tried with ferromanganese. 
A metal containing about eighty per cent. of manganese was used. 
By crushing in a steel mortar this iron was very easily reduced 
to a powder fine enough to pass through bolting sheeting. On 
heating the powder with the mixture of sodium nitrate and car- 
bonate a most violent reaction occurred, the metal burning with 
a long flame, extending several inches above the crucible. In 
order to control the reaction it was found necessary to melt one- 
half of the fusion mixture to be used in the crucible and then 
add slowly the other half, previously mixed with the powdered 
metal, while stirring constantly. In this way the reaction could 
be easily controlled. On softening the fused mass in water it 
was found that the iron had been peroxidized and the manga- 
nese changed to binoxide. No trace of sodium manganate was. 
ever formed, the solution in water being after filtration invaria- 
bly colorless. No carbon was found in the residue. The oxi- 
dation of the carbon is much more easily effected in the case of 
iron containing a high percentage of manganese. In all the 
trials made the silicon of. the iron was oxidized, but it was found 
that when the fused mass is softened in water very little silica 
enters into solution as an alkaline silicate, the greater portion 
remaining insoluble and in a flocculent form. 

Experiments were then tried with a gray iron. This form of 
iron could not be crushed to a fine powder, and an experiment 
was made in reducing it from small drillings by means of a 
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chilled iron rubber and plate, such as is ordinarily used for 
grinding ores. Several gray irons were tried in this way. 
Some could not be powdered by the method just mentioned, the 
grains tending to flatten instead of being crushed. Others were 
readily reduced, but the powder was not in any case fine enough 
for sifting through bolting sheeting. It was found in the case 
of a gray iron reduced to powder by the method of grinding, 
that on fusion with the mixture of sodium nitrate and carbonate, 
used in the preceding experiments, the graphitic carbon of this 
iron was more readily burnt than the combined carbon of white 
iron. 

As it ‘had proved to be a somewhat difficult matter to oxidize 
completely the carbon of the iron in the various experiments 
made with the fusion method, notably in the case of white iron, 
some trials were made in the use of sodium peroxide. This 
proved to be a more efficient oxidizing agent for iron and its 
contained carbon than sodium nitrate. For these trials a mix- 
ture was used consisting of forty-five parts each of sodium per- 
oxide and sodium nitrate, together with ten parts of sodium car- 
bonate. 

White iron was oxidized and its carbon burnt during a fusion 
lasting less than ten minutes. 

On heating ferromanganese with this mixture the iron was 
found to be completely oxidized. The carhon was burnt and 
the manganese was oxidized and converted into sodium manga- 
nate, yielding a deep green solution when the fused mass was 
digested in water. 

An admixture of sodium carbonate to sodium peroxide tends 
in all cases to diminish its action upon finely divided iron at a 
high temperature and renders the process more easily controlled. 
It seemed to be possible to base a method for the quantitative 
determination of sulphur in certain kinds of cast iron upon the 
reactions described above. 

An indispensable condition of success in the use of the method 
is found in the extreme fineness of the iron. In the.case of 
white irons the fineness of the powder has been secured by 
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crushing in a steel mortar until the powder passed through a 
sieve of bolting sheeting or bolting cloth.' 

Some gray irons cannot be crushed or ground. ‘To these the 
method is not applicable. For gray irons, however, the evolu- 
tion method answers all requirements. 

The following details are given of the method finally employed : 

1. White tron.—About one and one-half grams of the finely pow- 
dered and sifted metal wasintimately mixed with eight grams of the 
sodium peroxide mixture above mentioned, or with four grams 
each of sodium carbonate and nitrate. The somewhat violent 
reaction set up on the application of strong heat to the platinum 
crucible was completed in a few minutes. The crucible was 
heated for about twenty minutes in all. After cooling the con- 
tents were softened in water, the solution decanted and the resi- 
due ground, while wet, ina mortar. The solution and residue 
were then digested in a beaker on the water-bath for one hour 
after addition of two cc. of strong bromine water. The liquid 
was then filtered, acidulated with hydrochloric acid, evaporated 
to dryness to separate the small portion of silica which had 
entered in solution and filtered. The sulphuric acid was deter- 
mined in the filtrate in the usual manner. ‘ The barium sulphate 
obtained was always white. If the fusion mixture contains 
sodium carbonate and nitrate, but no sodium peroxide, the cru- 
cible must be heated for a longer time, but a portion of the car- 
bon of the iron may still remain unoxidized. 

2. Ferromanganese.—In this case it is better to use a mixture 
of equal parts of sodium nitrate and carbonate, omitting the 
sodium peroxide. 

Ten grams of the mixture were divided into two portions, one 
of which was fused in a crucible. The other portion mixed 
with two or two and one-half grams of the finely powdered iron 


1 Two different materials are sold which are suitable for the sifting. One is called 
bolting cloth, the other bolting sheeting. The bolting cloth used in these experiments 
contained about eighty-five meshes to the linear inch, while in the bolting sheeting 
about one hundred and thirty-five were counted. The material having the smaller 
number of meshes is made of coarser threads, however, and yields, on account of the 
smaller openings, a finer powder. Bolting cloth is, on this account, better suited to the 
preparation of a sample of white iron for a determination of sulphur by the method 
described. 
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was then slowly added. Although too violent combustion of 
the iron is to be avoided, it seems to be important, for the suc- 
cess of the method, that a reaction of decided intensity should 
occur during the fusion. 

Sodium nitrate possesses an advantage over sodium peroxide 
in its greater purity, the former compound being readily obtain- 
able with practically insignificant traces of sulphur. 

Natural gas was the fuel used for the Bunsen burner in heat- 
ing the charges. This gas was found by repeated experiments, 
not to contain a sufficient quantity of sulphur to affect the purity 
of the sodium carbonate when heated in a platinum crucible in 
the same manner as in the case of the determinations described. 

The usual occurrence of sulphur compounds in coal gas would 
preclude its use in the application of the method. 

From the experiments, the results of which are stated in the 
accompanying table, there seems to be some reason to suppose 
that not quite all the sulphur of the iron is converted into barium 
sulphate when the metal is oxidized and dissolved by nitric acid. 
That it has been completely recovered by the process of fusion 
cannot be positively asserted.’ 

The method I have described is not proposed as a substitute 
for any existing method. The purpose of the present work was 
merely to ascertain as far as possible whether bya process of direct 
oxidation of the iron in a dry state a larger proportion of the sul- 
phur could be recovered in weighable form than by the usual 
method of oxidation and solution in nitric acid. 

My thanks are especially due to Mr. F. B. Smith for great 
care and attention to detail in conducting the experiments I have 
detailed. 


1 The method of preparation of a sample for analysis in the case of the more brittle 
forms of iron, by crushing in a steel mortar and sifting, is suggested in Regnault’s Ele- 
ments of Chemistry, translated from the French by Betton, 1867, 2, 112. 
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Character of iron used. 

White iron A crushed 
in mortar and sifted 
through bolting 
sheeting. 


and nitrate. 





j Means 


Contained 
45 parts NaNO, 
45 parts Na,O, 
Io parts Na,CO, 


White iron B crushed 
and sifted. 


Means 


Ferromanganese 
crushed and sifted. of sodium 


and carbonate. 


Means 


drillings 


Gray iron 
powdered by rubber 
and plate. 

Not sifted. 


of sodium 


and carbonate. 





Fusion mixture employed. 
Contained equal parts 
of sodium carbonate 


Contained equal parts 
nitrate 


Contained equal parts 
nitrate 


CAST IRON. 


SEO BEBE 
ae a Lets 
$9 S.8g0 
23° SSyue 
gas aS Re 
fib sebse 
0.112 0.101 
0.112 0.098 
O.III 0.096 
0.107 0.099 
O.1I4 0.100 
0.114 0.102 
0.106 0.102 
0.108 0.104 
0.107 
0.103 

++++ 0.109 0.100 
0.155 0.143 
0.150 0.149 
0.130 0.143 
0.139 0.147 
0.166 
0.156 
0.156 
0.161 
0.151 

soos OI5I 0.145 
0.022 0.012 
0.027 0.013 
0.018 0.012 
0.018 0.010 
0.018 
0.019 
0.016 

«see 0,020 0.012 
0.034 0.027 
0.030 0.030 
0.036 0.026 
0.034 0.028 
0.033 0.028 
0.034 0.022 

+222 0.033 0.027 














CARBON DETERMINATIONS IN PIG IRON. 


BY BERTRAND S. SUMMERS. 
Received October 3, 1896. 


HOSE chemists who have had occasion to do many carbon 

determinations in pig‘iron, to which was allotted but little 

time, have probably felt the need of improvements in some of 
our standard methods. 

The old oxygen combustion method, although accurate, re- 
quires more time than can usually be spared if use is made of a 
. porcelain or glass tube. However, it has the greatest of all ad- 
vantages, that of accuracy. The writer has used for some time 
a regular Bunsen furnace with a glass tube, and while the 
results were all that could be desired, the time required for a 
refractory residue was almost three hours. 

A series of experiments was conducted with the ordinary 
chromic acid process, but the results were quite unsatisfactory. 
Every precaution was taken to insure accuracy, but with high 
carbon residue low results were obtained in nearly every case 
when checked by the oxygen combustion method. This was 
particularly noticeable when a considerable content of graphite 
was present. The results checked quite well with each other 
and gave satisfactory results when working on steel. 

As this state of affairs greatly embarrassed matters in the lab- 
oratory, an effort was made to devise some means by which the 
carbon could be determined with reasonable speed and accuracy. 

Recognizing the advantages of the combustion method, it was 
decided to make use of a platinum tube. To avoid delay and 
expense the tube was manufactured in the factory. It was made 
of 0.200 stock twelve inches long and eleven-sixteenths inch in 
diameter. A perfectly tight tube was constructed by using 
ordinary gold solder, which may be obtained from any jeweler. 
Around each end of the tube copper coolers were brazed, in 
order to cool the tube in the neighborhood of the rubber stop- 
pers. The inlet of the coolers served the double purpose of 
supports and water supplies. In spite of this precaution it was 
found that the air circulating through the heated portion of the 
tube was hot enough, on reaching the stoppers, to seriously 
affect them. In order to prevent this, the scheme shown in Fig. 3 
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was devised. The funnel shape protuberance here seen was 

filled with ignited asbestos, and the whole was removed with the 

stoppers. This appliance proved an effectual preventive for 

further heating of the 

stoppers, asa red heat 

Fie 5 could be maintained 

two inches from them 

and they remain per- 

iy c fectly cool. 

_ oe LA ' With this arrange- 

——- / ment it was found that 

reee. a high carbon residue 

could be burned com- 

Fic. 4 pletely in twenty min- 

utes. It became evi- 

dent from this that if 

the aspirating space 

A! were decreased, good 
b 
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results could be ob- 
tained in a compara- 
tively short time. 
Withthisideain view, 
the train depicted in 
the accompanying pic- 
ture was designed and 
made by our own 
Fig. 1—AA, Platinum tube ; BB, Support and water 
outlet; CC, Coolers; DD, Water supplies. glass-blowers. The 
Fig. 2—4d, Sockets for BB; dd, Connection for water & 
supply, DD: £, Main water supply; F, waste pipe; train has the further 
G, Gas connection. 
ig. 3—A3, Stoppers ; A,, Glass cup for asbestos, 49; advantage that rub- 
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A,, Outlet. P 

Figs. 4 and 5—Showing connections for mercury joint. ber connections ate 
avoided, the only rubber tubing in use being at the ends of the 
combustion tube. 

The purifying train consists of a large |J-tube of one and one- 
half inch stock and twelve inches long. The first limb is filled 
with broken caustic potash, and the second with fused calcium 
chloride. The first limb connects with a Drechsel bottle par- 
tially filled with strong sulphuric acid, and the second with the 
combustion tube. 
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The purifying train on the absorption end is made in one 
piece. It consists of a five inch [J-tube of thick walled glass 
five-eighths inch in diameter, into the sides of the limbs of which 
are fused arms. These arms are made of one-inch stock and 
about seven inches long. The first arm is filled with anhydrous 
cuprous chloride and anhydrous cupric sulphate. The [J-tube 
serves as the receptacle for the sulphuric acid, and the second 
arm is filled with calcium chloride previously treated with an 
excess of carbon dioxide. 

The connection with the Geissler bulbs is established by means 
of mercury joints. These serve to facilitate removal of the bulbs 
and make a joint which is perfectly secure. The joint can 
readily be made by any glass blower, an illustration of which is 
seenin Fig. 4. The end of the Geissler bulb is so reamed as to 
fit loosely over the tube inside the cup (Fig. 5). A small piece 
of rubber tubing (4, Fig. 4) is slipped over the tube and makes 
a moderately tight joint with the end of the Geissler bulb. 
When the cup is filled with mercury a perfect connection is 
obtained. The method of connecting the Geissler bulb with 
rubber tubing was both awkward and liable to leakage. ‘These 
junctions have been in use for some time in our laboratory and 
have given thorough satisfaction. 

With this apparatus as described the most refractory residues 
are burned in an hour and a half. With residues of less refrac- 
tory nature and lower carbon content an estimation may be com- 
pleted in lesstime. The blank on the apparatus never exceeds 
three-tenths of a milligram, and is usually one-tenth or nil. 

Some results are here appended, thinking they may be of 
interest. Those obtained by the chromic acid process were quite 
scattering unless great care was exercised and sufficient time was 
allowed. The results from this method, given below, are those 
where much time was given and great pains taken to insure 
complete oxidation. Values from the Bunsen furnace are given 
to serve for comparison. 


Chromie Acid Method. Bunsen Furnace. 
Total Carbon. ‘Total Carbon. 
3-23 3.31 
3-27 3°33 
3.23 ares 


3.28 
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Results from the above described process, when compared 
with the Bunsen furnace, were very good. 


Platinum Furnace. Bunsen Furnace. 
Total Carbon. Total Carbon. 
3-03 3-03 
3-93 3-95 
3-95 aegis 


The convenience of this apparatus in expediting work in the 
laboratory has led me to write this description, in the hope that 
it might be of service to other chemists. 


CHEMICAL LABORATORY, WESTERN ELECTRIC COMPANY, 
CHICAGO, 


NOTE ON THE SOLUBILITY OF BISMUTH SULPHIDE IN 
ALKALINE SULPHIDES. 


By GEORGE C. STONE. 
Received November 9, 1896. 


N the August number of this Journal there is a note by 
Prof. Stillman on this subject ; he shows that if a solution 
containing bismuth is made alkaline by sodium hydroxide and 
then heated with an excess of an alkaline sulphide a considera- 
ble amount of bismuth is held in solution. On repeating his 
experiments qualitatively I obtained the same result, but when 
the bismuth was first precipitated as sulphide from an acid solu- 
tion and then treated with an alkaline sulphide but little if any 
was dissolved. 

To test the solubility quantitatively I made a solution of about 
one and two-tenths grams of bismuth hydroxide in 500 cc. of 
very dilute hydrochloric acid; in two portions, of fifty cc. each. 
I determined the bismuth by precipitation by ammonium car- 
bonate, finding 0.0966 and 0.0965 gram. 2 

I next precipitated the bismuth in two more lots of the same 
solution by hydrogen sulphide, filtered and heated the precipi- 
tate for half an hour with a large excess of potassium sulphide, 
filtered, dissolved and reprecipitated by ammonium carbonate, 
the bismuth weighed 0.0981 and 0.0970 gram. 

Two more lots treated in the same manner, except that they 
were heated with ammonium sulphide, gave 0.0970 and 0.0976 
gram of bismuth. 

From the above it seems fair to conclude that bismuth 
sulphide precipitated from an acid solution is not dissolved by 
subsequent treatment with an alkaline sulphide. 
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ON THE BEHAVIOR OF COAL-TAR COLORS TOWARD THE 
PROCESS OF DIGESTION. 


By H. A. WEBER. 


Received October 10, 1896. 

T is very well known that the coal-tar colors have come into 
| general use for coloring confectionery and other articles of 
food and drink. In fact they have almost completely superseded 
the vegetable colors, which have been used from time immemo- 
rial for a similar purpose. The indiscriminate use of these 
colors, some of which are derived from bodies of a decidedly 
poisonous nature, has often been regarded with suspicion by 
persons who are interested in public health. On account of the 
uncertainty existing in regard to these colors from a sanitary 
point of view, Austria has prohibited their use zz /ofo in all arti- 
cles of food and drink. Other countries prohibit certain of the 
colors, which have been shown to be injurious, and allow all 
others to be used. 

The experiments made upon the lower animals have, in the 
main, revealed negative results. Thus the writer about eight 
years ago fed some of the colors most commonly employed by 
confectioners to rabbits in order to test this question. One-half 
gram of the colors, among which magenta and corallin were 
included, was fedto as many rabbits per day for ten days in suc- 
cession without any apparent ill effects. The exhaustive treatise 
of Dr. Weil, translated by Leffmann, ascribes toxic effects to 
only a small number of the many colors employed by him in his 
experiments upon domestic animals. 

The effect which these colors might exert upon digestive fer- 
ments, however, was a subject which had as yet received no 
attention, and the following experiments were undertaken in 
order to throw some light upon this question. The ferments 
employed were Armour’s pepsin and pancreatine, liberal sam- 
ples of which were kindly furnished by Armour & Co., of Chi- 
cago. 

For the purpose of showing the digestive action, blood fibrin 
preserved in alcohol was employed. The fibrin was soaked and 
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thoroughly washed with water to remove the alcohol, then 
pressed between filter paper, and the amount required for each 
experiment weighed off. 

In each set of experiments a control experiment was carried 
on without the addition of color. The mixture was made as fol- 
lows : 

Hydrochloric acid solution (two-tenths per cent.) I00 cc. 
Pepsin pm aaa e ayaralaarasnel Ge aeiate A aticn arenas pease wee 20 milligrams. 
OUR RNEN s.<. co. s atew ana napa epee e ew awees Pr Ore T I gram. 

This mixture placed in a large test-tube was digested in a 
water-bath at a temperature of 38° to 4o° C. until the fibrin was 
dissolved. 

At the same time similar mixtures as above containing in addi- 
tion I, 0.5, 0.250, 0.125, and 0.062 gram of the color to be tested 
respectively, were digested in the same water-bath for the time 
required to dissolve the fibrin in the control experiment. Any 
fibrin remaining undissolved in the latter tests, was removed, 
thoroughly washed, pressed between filter paper as before and 
weighed. 

I. PEPSIN AND OROLINE YELLOW. 


This color was one of a series employed in the coloring ofcon- 
fectionery, and was found to be what is known in the trade as 
Acid Yellow or Fast Yellow, and js a mixture of sodium amido- 
azobenzenedisulphonate with sodium amidoazobenzenemono- 
sulphonate. 


Amouut 
Amount of Amountof Amountof Durationof of fibrin 
color. fibrin. pepsin. experiment. dissolved. 
Gram Gram. Gram. Hours. Gram. 
| ae 0.0 I 0.020 3 1.0 
OOO CEC e 1.0 I 0.020 3 O.I 
. 0.5 I 0.020 3 0.12 
A cancevenss 0.25 I 0.020 3 0.22 
Bis seis ein we 0.125 I 0.020 3 0.35 
6 woeeeeeeee 0.062 I 0.020 2 0.73 


From this it will be seen that even in test No. 6, where the 
color employed amounted to only one part in 1600 parts of the 
solution, the presence of the color had still a depressing effect. 
For fear that, owing to the nature of this color, the hydrochloric 
acid might have been neutralized in part, the experiment was 
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repeated with a six-tenths per cent. solution of hydrochloric acid 
with similar results. 

Of course the determination of the fibrin dissolved is only 
approximate, as can readily be inferred from the way it was 
done. 

In tests Nos. 2, 3 and 4 no change in the amount of fibrin was 
apparent tothe eye. That a small part of the fibrin had gone 
into solution was confirmed by the fact that a slight precipitate 
of albuminoids was obtained on the addition of a solution of tan- 
nin. On the whole it must be conceded that this color has a 
marked and injurious effect upon peptic digestion. 


2. PEPSIN AND SAFFOLINE. 


This is also a candy color and was found to be acridine red. 


Amount 
Amount of Amount of Amount of Duration of of fibrin 
color. fibrin. pepsin. experiment. dissolved. 
Gram. Gram. Gram. Hours. Gram. 
0.0 I 0.020 33 I 
1.0 I 0.020 5 I 
0.5 I 0.020 5 I 
0.25 I 0.020 5 I 
0.125 I 0.020 33 I 
0.062 I 0.020 33 I 


As will be seen from the table above, this color only slightly 
retards the digestion of the fibrin in the three stronger solutions, 
while in the last two tests there was no interference with the 
process. On the whole it may be said that the effect of this color 
on peptic digestion is practically nil. 


3. PEPSIN AND MAGENTA. 


It is needless to tabulate the results of this experiment. Suf- 
fice it to say that the solution of the fibrin in the five tests con- 
taining the same proportions of the color as employed above kept 
pace throughout the whole duration of the experiment with the 
control test, the fibrin in all cases dissolving at the expiration of 
three and one-half hours. 

This color, therefore, seems not to interfere with peptic diges- 
tion. 

These four colors were also employed with pancreatin, and 
the method was as follows: 
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For the control experiment the following mixture was made : 


WSS Se csuciwcness cance eveeees Cémebe cavevesinwas Ioo cc. 
Sodium bicarbonate..---.-.+++++eeee- Hae eels sees 1.5 grams. 
PARCECOIIM 5506 6eKc0<:sh0 $es¢avdeenswiwaesounmnes ae 0.3 gram. 
x 6-0.0:5:4:6 1S E.OEDSS DSN EERE RO ee sees IO gram. 


This mixture contained in a large test-tube, was digested in a 
water-bath until the fibrin was peptonized. To test the effect of 
the colors, there was added to similar mixtures as above I, 0.5, 
0.25, 0.125 and 0.062 gram of each color respectively. 


5. PANCREATIN AND OROLINE YELLOW. 


To the great surprise of the writer, this color, which had 
proved so effective in stopping and retarding peptic digestion, 
was found to exert no action whatever on the pancreatic fer- 
ment ; the fibrin in all five of the tests with this color, dissolved 
as freely as that of the control test. The solution of the fibrin 
in all cases was completed at the expiration of six hours. 


PANCREATIN AND SAFFOLINE. 


The action of this color was quite different from that of oroline 
yellow, as the subjoined table will show : 


Amount 
Amount of Amountof Amountof Duration of of fibrin 
color. fibrin. Pancreatin. experiment. dissolved. 
Gram. Gram. Gram. Hours, Gram. 
| 0.0 I 0.3 6} I.0 
Bl i sa-ecato, bea oareia 1.0 I 0.3 6} 0.0 
Bicusievenevas 0.5 I 0.3 6} 0.0 
Beaveseianaveme 0.25 I 0.3 6} 0.55 
Bi sjence esses 0.125 I 0.3 6} 0.65 
2 1 we 
6 veccceeceee 0.062 I 0.3 6} 0.75 


These results show, that in the two stronger solutions the 
action of the pancreatic ferment was entirely stopped, and that 
even in test No. 6, which contained only one part of color to 
1600 of the solution the action of the ferment was retarded to a 
marked extent. 

Tannin precipitates the coloring matter. 

7. PANCREATINE AND MAGENTA. 

This color was as marked in retarding and stopping the action 
of pancreatine as saffoline. The results are given in the table 
below : 
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Amount 
Amount of Amountof Amountof Durationof of fiber 
color. fiber. pancreatine. experiment. dissolved. 
Gram, Gram. Gram, Hour. Gram. 
Tokina aelse 0.0 I 0.3 6} 1.0 
Bhar aie als. Se 1.0 I 0.3 6} 0.0 
Rovsslaresl pialelrsie 0.5 I 0.3 6} 0.0 
Cee rete 0.25 I 0.3 6} 0.40 
eee 0.125 I 23 6} 0.60 
2 1 - 
Giccmece neces 0.062 I 0.3 6} 0.73 


The solutions of tests 2 and 3 gave no precipitate with tannin. 
In all other tests the precipitate was either marked or heavy. 


8. PANCREATINE AND METHYL ORANGE. 


This color in all of the tests behaved like the last three colors 
described, completely stopping the action of the pancreatine in 
the two strongest solutions and retarding it to a marked extent 
in the weakest. The tabular statement would be similar to the 
last. 

It seems then, so far as these four colors are concerned, that 
none interfere with both peptic and pancreatic digestion, but that 
each color interferes seriously with either the one or the other. 
What the action of other coal tar colors may be, can, of course, 
not be inferred from this limited number of experiments, but it 
may safely be said that bodies which have such a decided action 
in retarding the most important functions of the animaleconomy, 
cannot properly have a place in our daily food and drink. 





[CONTRIBUTION FROM THE JOHN HARRISON LABORATORY OF CHEMISTRY, 
No. 19. ] 
THE ACTION OF ACID VAPORS ON METALLIC SULPHIDES. 


By JEROME KELLEY, JR. AND EDGAR F. SMITH. 


Received October 2, 1896. 

XPERIMENTS made in this laboratory on the action of 
the vapors of hydrochloric acid upon the sulphide of 
arsenic proved that the latter is wholly volatilized. The purpose 
of the present communication is to record further observations 
along analogous lines. Thus, when washed and dried arsenic 
trisulphide is exposed to the action of hydrobromic acid gas, it 
volatilizes completely. Indeed the action commences in the cold 
with the formation of a liquid that passes out of the containing 
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vessel upon the application of a very gentle heat. In evidence 
of this, two quantitative experiments may be given : 


Arsenic sulphide taken. Arsenic sulphide expelled. 
Gram. Gram. 
0.2945 0.2941 
0.4632 0.4628 


Antimony trisulphide, like that of arsenic, is volatilized by 
hydrochloric acid gas. It was quite probable that a like deport- 
ment would be observed if hydrobromic acid gas should be sub- 
stituted. This was found to be the case. When the gas came 
in contact with the sulphide it became liquid and volatilized as 
soon as a gentle heat was played upon the boat in which the sul- 
phide was contained. 


Antimony sulphide taken. Antimony sulphide expelled. 
Gram. Gram, 
0.1473 0.1469 
0.0938 0.0935 


Upon substituting stannic sulphide for antimony sulphide, an 
experience similar to that observed with antimony and arsenic 
sulphides followed. There was a complete volatilization with 
but a trifling residue, which proved to be carbon from filter 
paper that had adhered to the metallic sulphide. 


Stannic sulphide taken. Stannic sulphide expelled. 
Gram. Gram. 
0.1880 0.1880 
0.5527 0.5521. 
0.4174 0.4169 


The oxides of arsenic, antimony and tin (at least in the stan- 
nic form) can be volatilized in a current of hydrochloric acid 
gas. This is also true of the sulphides of arsenic and antimony, 
but how the two sulphides of tin would act under like conditions 
was not known. 

Experiments recently made demonstrate the perfect volatility 
of stannic sulphide in this way. With stannous sulphide it was 
found that by the continued action of the gas in the cold there 
followed a complete conversion into chloride without any vola- 
tilization. That the residue was the chloride was evident from 
its action upon a mercuric salt solution. The figures obtained 
in the several trials were: 
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Stannous chloride found. Stannous chloride theory. 
Gram. Gram. 
0.3544 0.3523 
0.4893 0.4993 


Several attempts were made to separate stannous and stannic 
sulphides by this procedure. The results were unsatisfactory. 
In order to drive out the stannic salt completely it is necessary 
to heat the mixture, and this caused a partial volatilization of 
the stannous chloride, so that quantitative results could not be 
obtained. 

Comparatively few metallic sulphides have been studied in 
the direction indicated in the preceding lines, so that it is prob- 
able a wider application of the method will disclose interesting 
behaviors, and that probably new separations can be brought 
about in this way. The action of the vapors of haloid acids has 
also been tried on natural sulphides with a fair degree of suc- 


cess. 


[CONTRIBUTION FROM THE JOHN HARRISON LABORATCRY OF CHEMISTRY, 
No. 20. ] 


TUNGSTEN HEXABROMIDE, 


By HERBERT A, SCHAFFER AND EDGAR F. SMITH. 


Received October 10, 1896. 
HE most recent work upon tungsten bromides is that of 
Roscoe,’ who endeavored to prepare a hexabromide, but ob- 
tained instead a penta derivative from which the dibromide was 
subsequently made. By reference to the literature bearing upon 
this subject it will be noticed that bromine, diluted with carbon ° 
dioxide, was made to act upon tungsten metal exposed to a 
red heat. Experimental evidence is at hand that tungsten at 
high temperatures deoxidizes carbon dioxide, thus allowing 
ample opportunity for the production of oxybromides, which, in 
spite of the greatest care, are sure to appear in larger or smaller 
amount. The thought also suggested itself that possibly the 
‘‘red heat’? at which the action was allowed to occur might 
have been detrimental and have indeed prevented the formation 
of the hexabromide. 
Hence, we determined to operate in an atmosphere of nitro- 
l Ann. Chem. (Liebig), 162, 362. 
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gen and to apply a very gentle heat to the vessel containing the 
tungsten. In this connection it may be mentioned that the 
nitrogen was conducted through a series of vessels charged with 
chromous acetate, sulphuric acid, caustic potash, and phos- 
phorus pentoxide, respectively. It then entered an empty ves- 
sel into which dry bromine was dropped from a tap-funnel, and 
after passing through a tall tower, filled with calcium chloride, 
entered a combustion tube resting ina Bunsen furnace. The 
anterior portion of the combustion tube was contracted at inter- 
vals, forming a series of bulbs, and at its extremity was con- 
nected with an empty Woulff bottle, followed by a calcium chlo- 
ride tower, and finally a receiver filled with soda lime and 
broken glass. A steady current of nitrogen was conducted 
through this system for a period of three days. On the fourth 
day bromine was introduced. The tungsten contained in the 
combustion tube was heated very gently. In a short time 
brown vapors appeared. These condensed to a liquid beyond 
the boat and eventually passed into blue-black crystalline masses 
that separated from the walls of the tube, when perfectly cold, 
with a crackling sound. Very little heat was required to melt 
them and they could with care be resublimed in distinct, blue- 
black needles. ‘The latter wascollected in one of the bulbs (No. 
2) previously mentioned. Other products were observed and 
isolated. All were analyzed. Bulb No. 1—that nearest the 
tungsten metal—contained a black, velvety compound, which 
upon analysis showed the presence of tungsten dibromide. Bulb 
No. 2 contained 0.2103 gram of the blue-black crystals, which 
yielded 0.0577 gram of tungsten, or 27.43 per cent., and 0.1543 
gram of bromine, or 73.53 per cent. The theoretical require- 
ments of tungsten hexabromide are 27.72 percent. tungsten and 
72.28 per cent. bromine. The bromine percentage found is 
high. This may be due to traces of bromine that had not been 
driven out from the crystalline deposit, or to adherent silver 
tungstate, as some tungstic acid remained in the solution from 
which the silver bromide was precipitated. 

A fresh portion of the blue-black crystals was prepared as 
before and analyzed. ‘The bromine determination was unfortu- 
nately lost. The determination of the tungsten resulted as fol- 
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lows: 0.4351 gram of material gave 0.1222 gram of tungsten or 
28.08 per cent. 
A third preparation was made. On subjecting 0.1775 gram 
of it to analysis these results were obtained : 
0.0496 gram tungsten or 27.94 per cent. 
0.1266 gram bromine or 71.32 per cent. 
Tabulating the series, we have : 


Required for 


Found. Mean hexabromide. 
Percent. Percent. Percent. Per cent. Per cent. 
Tungsten...... 27.43 28.08 27.94 27.81 29:92 
Bromine.....-.- 73.53 71-32 sees 7 eR 72.28 


These figures give evidence that the body analyzed is tung- 
sten hexabromide. 

In analyzing the third portion of the blue-black needles the 
bromine was determined by placing the material in a small 
Erlenmeyer bulb, covering it with nitric acid and then distill- 
ing. The liberated bromine was passed into a silver nitrate 
solution. 

The tungsten hexabromide prepared by us consists, as already 
observed, of blue-black needles. Moderately elevated tempera- 
tures decompose the compound. It gives off fumes when 
brought in contact with the air. Water decomposes it with the 
formation of a royal-blue colored oxide. Ammonia water dis- 
solves it, the solution remaining colorless. A vapor density 
determination resulted negatively, as decomposition was appar- 
ent early in the experiment. 





NOTES ON THE FERROCYANIDES OF ZINC AND MAN- 


GANESE., 
By EDMUND H. MILLER. 
Received October 10, 1896. 


HE composition of the ferrocyanides of zinc and manganese, 
TT formed when salts of these metals are precipitated by 
potassium ferrocyanide, is given by Prescott and Johnson’ as 
Zn,Fe(CN), and Mn,Fe(CN),, while the books on volumetric 
analysis, such as Sutton’s and Beringer’s, ignore the composi- 
tion of this precipitate. 


1 Qualitative Analysis, pages 67 and 57. 
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The prevailing idea is that in the titration of zinc by potas- 
sium ferrocyanide, a normal zine ferrocyanide is formed. This 
I believe to be incorrect, for if the reaction is 


K,Fe(CN), + 2ZnCl, = Zn,Fe(CN),-+ 4KCl, 


a solution of potassium ferrocyanide, one cc. of which is equiva- 
lent to ten milligrams of zinc, would contain 32.32 grams of 
K,Fe(CN),.3H,O to the liter, not 43.2' to 45° grams, as has been 
found by experiment. Using forty-four grams per liter as a 
basis for calculation, the reaction becomes 


2K,Fe(CN), +3ZnCl, = Zn,K,(Fe(CN),), + 6KCI. 


This reaction is not merely one that may possibly be true, but 
according to Wyrouboff,’ the precipitate formed by the action of 
potassium ferrocyanide on a zinc salt, whichever is in excess, is 
3Zn,Fe(CN),.K,F,(CN),.12H,O, white, while the normal salt, 
Zn,Fe(CN),.4H,O, is formed only by the action of hydroferro- 
cyanic acid on a zinc salt. 

This statement agrees both with the preceding reaction and 
with the results obtained in standardizing potassium ferrocya- 
nide solution. 

The manganese precipitate with potassium ferrocyanide, as 
obtained in titration, is given by Stone* as Mn,Fe,(CN),,. This 
is a ferri-, not a ferrocyanide, thus making necessary a change 
of quantivalence. Mr. Stone also states that an amount of 
potassium ferrocyanide which will precipitate four atoms of zinc 
will only precipitate three of manganese, thus basing his calcu- 
lation on the formation of a normal zinc ferrocyanide. 

Wyrouboff' gives the precipitate obtained from potassium fer- 
rocyanide and a manganese salt, whichever is in excess, as 


5Mn,Fe(CN),.4K,Fe(CN),.4H,O, rose white ; 
while the normal salt Mn,Fe(CN),.7H,O, cream, is formed as 
in the case of zinc by hydroferrocyanic acid. 


The solution used by Mr. Stone had the following strength : 


1Sutton: Volumetric Analysis, p. 329; Beringer: Assaying, p. 219. 
2 Furman: Assaying, p. 205. 

8 Ann. chim. phys., [5], 8. 485. 

47. Am. Chem. Soc., 17, 473. 
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One cc. = 0.00606 gram zinc. 
One cc. == 0.00384 gram manganese. 


If the ratio were exactly four zinc to three manganese, using 
the most recent atomic weights, the strength of this solution 
against manganese would be one cc. = 0.00382 gram, while, 
according to Wyrouboff, 1oMn=9K,Fe(CN), and 6Zn= 
4K,Fe(CN),, or 10oMn= 13.5 Zn, or 1Mn=— 1.35 Zn, and the 
strength against manganese would be 1 cc. = 0.003774 gram. 

These figures show but little difference between the two ratios 
and while Mr. Stone’s experimental results are undoubtedly 
accurate, this theory based on the formation of Zn,Fe(CN), and 
Mn,Fe,(CN),, is not satisfactorily proved. 

This article is only a preliminary note regarding the composi- 
tion of the ferrocyanides as they are being investigated in this 
laboratory. 

In connection with the ferrocyanide of zinc I have found a 
very strong solution of hydrochloroplatinic acid, H,PtCl,, acidi- 
fied with hydrochloric acid, a most satisfactory indicator for the 
titration of zinc by potassium ferrocyanide, when performed ina 
hot solution. This indicator is used in the same way as uranium 
acetate and is less affected by a varying amount of hydrochloric 
acid. ‘The end reaction is a bright emerald green, which takes 
a few seconds to develop. It will not work with a cold solution. 


ASSAY LABORATORY, COLUMBIA UNIVERSITY. 





A MODIFICATION OF THE GUNNING METHOD FOR 
NITRATES. 


By JOHN FIELDS. 


Received October 20, 1896. 

HE full text of the official Gunning’ method is as follows: 
‘‘In a digestion flask, holding from 250 to 500 cc., place 

from seven-tenths to three and five-tenths grams of the substance 
to be analyzed, according to the amount of nitrogen pres- 
ent. Add thirty to thirty-five cc. of salicylic acid mixture; 
namely, thirty cc. sulphuric aaid to one gram of salicylic acid, 
shake until thoroughly mixed and allow to stand five to ten 


1 Ann. chim. phys., [5], 8, 474. 
2 Bulletin 46, U. S. Dept. of Agr., p. 18. 
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minutes, with frequent shaking ; then add five grams sodium 
thiosulphate and ten grams of potassium sulphate. Heat 
very gently until frothing ceases, then heat strongly until nearly 
colorless. Dilute, neutralize, and distil as in the Gunning 
method.’’ 

This method has its advantages in that no heavy metals are 
added, such as zinc and mercury, which sometimes interfere 
with the distillation. It has, however, a few disadvantages 
which the following modification partially overcomes. - When 
working with some materials, there is considerable trouble due 
to persistent frothing, and in some cases, it has taken six hours 
constant attention to get the digestion safely over this point. 
Moreover, unless the contents of the flask are diluted while still 
warm, there is a tendency for the sulphates to become hard and 
difficult of solution. 

In the modification proposed, the following reagents are 
necessary : 

1. Chemically pure sulphuric acid. 

2. Salicylic acid. 

3. Potassium sulphide. 

The material containing the nitrates is weighed out into a 
digestion flask and thirty cc. sylphuric acid containing one 
gram salicylic acid are added, and gently heated to facilitate the 
solution of nitrates and prevent frothing later. While warm, 
six to seven grams of potassium sulphide are added in small 
portions, the flask being thoroughly shaken after each addition. 
It is then placed over a low flame and the heat rapidly increased 
until the acid mixture boils. No further attention is required 
and the digestion is usually complete at the end of an hour. 
When cold, the liquid is diluted and distilled in the usual man- 
ner. 

The average difference between the results on sixty samples 
of fertilizers containing nitrates by the official method and the 
proposed modification was 0.02 per cent., those by the latter 
being higher. 

The points of difference between the modification and the offi- 
cial modified Gunning are the following : 











I104 SEPARATION OF ALKALOIDAL EXTRACTS. 


1. The number of reagents used in the digestion is reduced 
from four to three. 

2. Frothing is obviated and the operation requires no atten- 
tion except turning up the lamps until full heat is secured. 

3. The time of digestion is shortened. 

4. Potassium sulphide is made to do double work by acting as 
a reducing agent instead of sodium thiosulphate and then 
being converted into potassium hydrogen sulphate serving the 
end secured by adding potassium sulphate in the original method. 


THE SEPARATION OF ALKALOIDAL EXTRACTS. 


By CHARLES PLATT. 
Received October 20, 1896. 


HE writer has found the accompanying simple device of 

great value in the separation of the annoying emulsions 
so often met with in alkaloidal anal- 
ysis, as, for instance, in the petroleum 
ether and benzene extractions of Dra- 
gendorff’s method. The filtering tube 
is nineteen cm. long, the upper 12.5 cm. 
having an inside diameter of fourteen mm., 
sae the lower contracted portion, an inside diam- 
y eter of t&ree mm. A stout platinum wire 
bent at the upper end is so placed as to 
pass through the constricted portion of the 
tube to the bottom of the eight-ounce 
Erlenmeyer flask. Washed cotton is firmly 
packed in the tube to a depth of about 
four cm. and the apparatus, connected 
with a filter pump, is ready for use. The 
filtered liquids may finally be carefully 
poured into an ordinary separating funnel 
and manipulated as usual. By this method 
the most persistent emulsions are separated 
into their constituent liquids in as many 
minutes as ordinarily are required hours or 














days. 
CHEMICAL LABORATORY, HAHNEMANN MEDICAL COLLEGE, 
PHILADELPHIA, Pa. 











THE PREPARATION OF DIETHYL MALONIC ESTER. 


By W. A. NOYES. 


Received October 29, 1896. 

AVING occasion recently to prepare considerable quanti- 

H ties of malonic ester, it has been found that the process 

can be very much shortened by the use of sulphuric in place of 

hydrochloric acid and of acid sodium carbonate in place of potas- 

sium carbonate. As the body is the starting point for a great 

variety of syntheses the method used may be of interest to 
others. 

One hundred grams of chloracetic acid are placed in a porce- 
lain dish, 21 cm. indiameter, and 200 cc. of wateradded. Thesolu- 
tion is warmed and ninety grams of acid sodium carbonate added 
in small portions, and the warming continued until a temperature 
of 55°-60° is reached and effervescence nearly ceases. Eighty 
grams of coarsely powdered potassium cyanide is then added, 
and the whole stirred without further warming, till the some- 
what vigorous reaction is complete. The solution is then evap- 
orated rapidly on a thin sheet of asbestos paper till the ther- 
monieter with which it is vigorously and constantly stirred shows 
a temperature of 130°-135°. The hand should be protected by a 
glove or otherwise, and the glass of the hood in which the 
evaporation is conducted should be between the dish and the 
face during this part of the process. The mass should be stirred 
occasionally while cooling, and as soon as it solidifies it should 
be broken up coarsely and transferred to a liter flask. Add 
forty cc. of alcohol and connect with an upright condenser. 
Through the latter add, in small portions and with frequent 
shaking, a cooled mixture of 160 cc. of alcohol with 160 cc. of 
concentrated sulphuric acid. The whole may be added within 
five or ten minutes (instead of the day and a half required to 
saturate with hydrochloric acid by the old method). ‘Toward 
the close there is a considerable evolution of hydrochloric acid. 
Heat on a water-bath for an hour. Cool quickly under the tap, 
with shaking to prevent the formation of a solid mass of crys- 
tals. Add 200 cc. of water, filter, wash .the undissolved salts 
with about fifty cc. of ether, shake up with the filtrate and sepa- 
rate. Add a solution of sodium carbonate and shake carefully 
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with the ethereal solution till alkaline. Separate again, distil 
off the ether and dry by heating for fifteen minutes on a water- 
bath under diminished pressure, using a capillary tube as for 
vacuum distillations. The residue gives, after one distillation, 
an almost pure malonic ester. 

The sodium carbonate solution appears to contain some of 
the acid ester. If this solution is added to the first acid solu- 
tion, the ester separates with some ether. The ethereal solu- 
tion may be separated, the ether evaporated at a gentle heat, 
and the residue added to the contents of the flask in which a 
second saponification of the cyanacetate is to be effected. If 
this is done, a yield of malonic ester equal to the weight of chlor- 
acetic acid used can be obtained. Thisis ten to fifteen per cent. 
better than by the old method. 


ROSE POLYTECHNIC INSTITUTE, 
TERRE HAUTE, IND., Oct. 27, 1896. 





NOTE. 


Untaxed Alcohol for Use in Manufacturing and in the Arts.— 
The Joint Select Committee, created at the last session of Congress, 
to investigate and report upon the question of the use of alco- 
hol free of tax in the manufactures and arts, have prepared 
a series of interrogatories, which will be distributed through- 
out the country to such parties as are thought to be interested 
in the question. 

The report of Mr. Henry Dalley, Jr., who was commissioned 
to investigate the workings of foreign laws governing the use of 
untaxed alcohol in the manufactures and arts has been submit- 
ted, and contains very full and extremely valuable data covering 
Great Britain, Germany, France, Belgium and Switzerland. 

It is the earnest desire of the committee to secure all possible 
information bearing upon the subject, and it is hoped that par- 
ties interested will submit their views to the committee promptly. 
Sets of the circular letter and blank for replies will be supplied 
to any applicant by addressing the chairman, Room 21, Senate 
Annex, Washington, D. C. 

The committee, which is composed of three members of each 
House, will probably assemble in Washington soon after the 
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middle of November for the purpose of formulating a report to 
Congress accompanied by the draft of a law which will place 
domestic industries on as favorable a basis as similar industries 
in foreign countries. During their sessions in Washington 
hearings will probably be given in order to supplement the 
information obtained through the interrogatories above set 
forth. Due notice of the time of such hearings will be given 
to the public. 





OBITUARY NOTICE, 


PROFESSOR AUGUST KEKULE’S part in the advancement of 
chemistry has been so important that his death on the 13th of 
last July has brought a feeling of sorrow to the hearts of chemists 
throughout the world. 

Kekulé was born at Darmstadt, the birthplace of Liebig, on 
the 7th of September, 1829. It was the intention of his parents 
that he should become an architect, and he entered the Univer- 
sity at Giessen as a student of architecture. He devoted him- 
self with application to the studies bearing on his future calling, 
but like many another student who came within the range of 
Liebig’s influence, he was filled with an enthusiasm for chemis- 
try, which changed all his plans for the future, and led him to 
devote himself to this science. It is quite possible that his pre- 
liminary architectural studies had much to do with turning his 
mind toward the ideas of molecular structure or molecular 
architecture, which he subsequently developed. Kekulé also 
studied in Paris under Dumas, and in London under William- 
son. In 1856 he became privatdocent at the University of Hei- 
delberg. He was appointed professor of chemistry at the Uni- 
versity of Ghent (Belgium) in 1858; and in 1865 was called to 
the University of Bonn, where he remained until his death. 

Kekulé’s first published work appeared in Liebig’s Azna/len for 
1850. Four years later he published his second paper, in which 
he described thiacetic acid and discussed the action of phos- 
phorus pentasulphide on oxygen acids. 

The period from 1854 to 1874 was one of the greatest activity 
with Kekulé. Since 1874 he has made comparatively few con- 
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tributions to chemistry, although occasional papers have 
appeared. In spite of the great number of investigations he 
has made, chemistry is most indebted to Kekulé for his great 
generalizations and theoretical suggestions. 

He extended Gerhardt’s type theory by adding the marsh gas 
type and introducing the idea of mixed types. These types 
made clear to him the difference in the power of the elements to 
hold other atoms in combination, and he developed the idea of 
valence, first put forward by Frankland, so that this new prop- 
erty of the elements was at once recognized by chemists, the 
conception of atom-linking followed at once, and this made pos- 
sible the transition from the type theory to our present concep- 
tions in regard to the structure of compounds. 

In this paper published in 1858 Kekulé says: ‘‘ It is the sub- 
stitution and relation of the atoms and not radicals, that we must 
look to in order to get a clearer idea of the nature of these com- 
pounds.”’ 

He closes this remarkable paper with the following words: 
‘*In conclusion I believe that I should emphasize that I do not 
set much value upon this kind of speculation. But since chem- 
istry, in its entire lack of exact scientific principles, must content 
itself for the time with the most probable and useful theories ; it 
appears proper to present these views, for they, as it seems to 
me, give a simple and entirely general expression for the latest 
discoveries, and because moreover their application may be 
the means of discovering new facts.’’ 

It is not too much to say that the ideas thus modestly put for- 
ward, supported by his subsequent work, were the prime cause 
which led to the abandoning of Gerhardt’s types for our present 
structural formulas. 

These ideas had made considerable progress, when in 1865 
Kekulé published his now well known hypothesis in regard to 
the constitution of benzene. Seldom has a theory in chemistry 
been so suggestive or given rise to so much investigation as this 
benzene theory. The rich and manifest results accruing from 
these investigations testify sufficiently to the ntility of thetheory. 

Many students of chemistry were attracted to Bonn; these 
Kekulé inspired with a love of investigation that has been 
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exceedingly fruitful for the science. Besides his work asa 
lecturer and investigator, he began in 1860 and finished in 1861 
the first volume of his Lehrbuch der organischen Chemie, a 
book that was epoch-making with its new ideas and new methods 
of presenting this complex subject. The book was received 
with enthusiasm among chemists, and has served as a model for 
subsequent works in the same field. Threevolumes of this work 
were finally published, but the work was never completed. He 
was also for many years one of the editors of Liebig’s Axnalen. 
During his last years he suffered much from ill health, having 
followed too literally Liebig’s advice: ‘‘If you would become 
a chemist, you must ruin your health. He who does not ruin 
his health by hard study in these days comes to naught in chem- 
istry.’’ 

In 1890 the German Chemical Society celebrated the twenty- 
fifth anniversary of Kekulé’s benzene theory. The meeting was 
largely attended by chemists from all parts of the world. 
Addresses were given by A. W. Hofmann, the President of the 
Society, Adolph von Baeyer, Kekulé’s oldest pupil, and by 
Kekulé himself. A full account of the meeting has been pub- 
lished.’ G. M. RICHARDSON. 

OcT. 17, 1896. 
< sntate 
NEW BOOKS. 


MANUAL OF DETERMINATIVE MINERALOGY WITH AN INTRODUCTION ON 
BLOWPIPE ANALYSIS. By George J. Brush. Revised and Enlarged by 
Samuel L. Penfield. 14th Edition. pp. ix + 108. John Wiley & 
Sons. Price, $3.50. 

This revision, with the exception of the tables, is practically a 
new book. ‘The author states that ‘‘A complete revision of the 
tables for the determination of minerals will be made as soon as 
possible, and a short chapter on crystallography and the phys- 
ical properties of minerals will be prepared, but until this work 
can be accomplished, use will be made of the tables and of the 
short introduction to them from the last edition of Professor 
Brush.”’ 

This proposed revision of von Kobell’s table is greatly needed. 
When it is finished the book bids fair to be as nearly perfect as 
text-books can well be. The introductory chapter has been 
rewritten with evident care and by a practiced hand, and as it 


1 Ber. d. chem. Ges., 23, 1265. 
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now stands this edition is a great improvement over preceding 
ones. 

‘* In preparing the introductory chapters, great pains have been 
taken in the selection of the tests for the elements. Many of 
them are performed by means of the blowpipe, but chemical tests 
in the wet way are recommended when it is believed that they 
are more decisive.’’ To this evidence of good common sense it 
may be added that in several places the author shows a desire 
and ability to make his knowledge of practical value. This is 
shown, for example, under gold, where careful directions are 
given for the detection of gold in poor gold ores and the like, 
first by the use of mercury and then without mercury. EE. H. 
THE ELEMENTS OF CHEMISTRY. By PAuL C. FREER, PH.D. x+284 pp. 

Boston: ALLYN & Bacon. 1895. Introductory price, $1.00. 

One feature in particular makes this book especially worth 
noticing, and that is its outright recognition of the great import- 
ance of quantitative work in an elementary course in chemistry: 
The recognition has been a long time on the way, and its absence 
has been a great detriment to the chemical instruction in second- 
ary schools. 

It is also pleasant to find Professor Freer recognizing that cer- 
tain so-called physical matters are best reviewed at the outset of 
such acourse. Indeed it would seem as if some such matters 
which are taken up in the present work, rather late in the course, 
would better be considered earlier (the laws of Mariotte and 
Charles for instance). 

The book cannot be used to advantage by an inadequately 
trained teacher, but will certainly be found valuable to the 
student teacher on account of its excellent collection of experi- 
ments which are carefully planned and digested. 

JosEPH TORREY, JR. 
TABLES AND DIRECTIONS FOR QUALITATIVE CHEMICAL ANALYSIS. By 

M. M. PATTISON MUIR. 

This little work is evidently intended to increase the possi- 
bilities of lecture table instruction in qualitative analysis. It 
consists of such brief statements of processes and methods as will 
enable the student to attend to what is going on on the lecture 
table without running the risk of losing material which ought to 
get into his note book. The analytical methods described are, 
for the most part, such as have stood the test of time and expe- 
rience. JOSEPH TORREY, JR. 
THE LIQUEFACTION OF GASES. Papers by MICHAEL FARADAY, F.R.S. 

(1823-1845). Alembic Club Reprints No. 12. 79 pp. Edinburgh: Wm. 

F. CLay. Price, two shillings. 


In this little book of Seventy-nine pages there is much matter 
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that will be of practical service to every one who teaches ele- 
mentary chemistry. Its value to investigators and advanced 
students is sufficiently obvious. Students ought to be intro- 
duced to the classics of chemistry at a comparatively early stage 
of their development. They are not as a rule, at present, 
because the original papers are seldom accessible to the teacher. 
The publication of Ostwald’s ‘‘ Klassiker’’ was the first step in 
the right direction, but the fact that they are in German makes 
them inaccessible to many who most need them. 
JOSEPH TORREY, JR. 





CORRESPONDENCE, 


POLARIZATION BY DCUBLE DILUTION. 
UNITED STATES DEPARTMENT OF AGRICULTURE, 
DIVISION OF CHEMISTRY, 

WASHINGTON, D. C., Nov. 27, 1896. 
Eaitor Journal of the American Chemical Society, Easton, Pa. : 

DEAR SIR: By accident a portion of the rule for calculating 
polarizations by double dilution in our paper published in this 
Journal, 1896, Vol. 18, pages 428 to 433, was omitted. 

Page 430, beginning at the end of line 9, the rule for the ap- 
proximate calculation of results obtained by Scheibler’s method 
of double dilution should have this addition after the words 
‘‘small flask,’’ ‘‘ multiply the difference by two and subtract the 
vroduct from the reading in the small flask.’’ This is equiva- 
lent to multiplying the reading obtained from the solution in the 
large flask by four and subtracting the reading obtained from 
the solution in the small flask from the product. The re- 
sult is the corrected reading and, when a solution of double the 
normal strength is polarized in a tube of double the normal 
length, must be divided by four to obtain the percentage. In 
this case a simpler and equivalent rule for calculation is the fol- 
lowing: Subtract one-fourth the reading of the solution in the 
small flask from the reading in the large flask and the result will 
be the corrected percentage. 

Page 430, end of line 17, the word sucrose should be lactose. 

Page 432, the figures in the table in the column headed ‘‘Vol- 
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ume of precipitate,’’ were calculated before the exact formula on 
page 430 was evolved, and are somewhat at variance with the re- 
sults obtained by use of the formula. The formula gives the fol- 
lowing numbers: 5.26, 10.71, 4.88, 9.86, 5.05, 5.41, 4.53, 4.12, 
3.87, 4.99, 3.33, 4-22, 16.23. The numbers in the column 
headed ‘‘ True volume in 100 cc. flask’? must be changed ac- 
cordingly. 
Respectfully, 

H.W. WILEy, 

4. KE. EWELL. 


eal 
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Bulletin No. 33. Commercial Fertilizers and Chemicals, and Other In- 
formation in Regard to Fertilizers. Under the supervision of Hon. R. T. 
Nesbitt, Commissioner of Agriculture of the State of Georgia. Dr. George 
F. Payne, State Chemist. Atlanta, Ga.: George W. Harrison, State 
Printer. 

Manual of Determinative Mineralogy, with an Introduction on Blow- 
pipe Analysis. By George J. Brush. Revised and enlarged by Samuel 
lL. Penfield. Fourteenth Edition. x+ 108 pp. New York: John Wiley 
& Sons. Price $3.50. 

Jahrbuch der organischen Chemie. Herausgegaben von Gaetano Min- 
unni. Palermo. Zweiter Jahrgang. 992 pp. 1894. Leipzig: Johann Am- 
brosius Barth. (Arthur Meiner). 1896. 

A Brief Introduction to Qualitative Analysis ; for Use in Instruction in 
Chemical Laboratories. By Ludwig Medicus. Translated from the 
Fourth and Fifth German Editions by John Marshall. Fourth Edition. 
Philadelphia: Printed by J. B. Lippincott Co. 1896. 203 pp. Price 
$1.50. 

Bulletin No. 43. Second Series. Bovine Tuberculosis in North Lou- 
isiana. Bulletin of the Louisiana State Experiment Station, Baton 
Rouge, La. 1896. 20 pp. 





ERRATUM. 


On page 994 (November number), seventh line from bottom, instead of 
‘‘extra internal pressure’’ read ‘‘ extra external pressure.”’ 
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4ACCURACY, limits of in metallurgical analysis, 35; of chemical analysis....808, (88) 
Acenaphthene, heat of solution in methyl alcohol, 152; inethyl alcohol, 153; in 

propyl alcohol, 154. in chloroform, 155; in toluene.....-..+++- 155 
Acetamide, heat of solution in water, 151; in ethyl alcohol...... ° 153 
Acetanilid, qualitative examination of, 142; heat of solution in methyl alcohol, 152; 

in ethyl alcohol, 153; in chloroform..... ss.+sesee. 
Acetylene, use in polariscopic work as an s itheadaent : 
Acetone, manufacture from acetic acid, 231, (30) ; volumetric dcteniiimiid Of sccccs 1068 
Acid vapors, action of, on metallic sulphides.......++ secccesseecees Pererercrr Tr rrr 1096 
Address, changes of post Office.....sseeeeeeess Giiveudeakann Pat hedsedbRewEs BoOHeX dwaken 

aiwsalneanaibieipssikewtion (2), (26), (36). (57). (65)s (71). (93)s (97). (99). (418), (119), (124) 
Addresses wanted, post office........+sseeee crccecoccccscceseses (2), (36), (57), (71), (124) 
Albuminoid nitrogen, source of error in determination Of........sceeeeeeceeececeesees 464 
Alcohol. determination by means of the ebullioscope, 1063; the tax OM. «..++e+eeeeee 1106 
Alkaloidal extracts, separation of.. ° sees IIO4 
Alloys of aluminum, analysis of....... 772 
Almonds, proteids of..... eevcecccccce écnwoatnnaes Ce NRSC évGsewhOhedecuceseceececchenes + 610 
Alumina, determination of, in phosphate aus by the ammonium acetate method, 

717: estimation of, in phosphate rock, 721; analysis Of ....-sseccecceseeeeseeseress 779 
Aluminum, analysis of, 766; determination of,in metallic aluminum, 772: solders, 

analysis of, 777; use in cooking vessels, 935 ; in pig iron, (32); See also erratum (56) 
RUA 6:0 inode ce cceeyss song sun enade ens eeseucesachecueescaees eeccece wercescccccccccoscs - 611 
Amines, occurrence of, in the juice of the sugar cane......+.--++ sussientneniwenetanees 743 
Ammonia, the separation of trimethylamine from .......+sseeeeeee eescece ecccccccccee 670 
Ammonium phosphomolytdate, gravimetric method of estimating phosphoric acid 

as, 23; precipitation of, in steel analySisS......esceseccccccccecscceeces eoccccceccess 170 
Amphoteric reaction of milk.....ssseeeceseeeeees . eccccccccce . C00 coccceveses (33) 
ANDREWS, LAUNCELOT. On the Reduction of onintnsie Acid by Cesaedun a Func- 

tion of the Temperature ... + 251 
ANDREWS, W. W. Some enemies of the Plaster of Paris Method in Blowpipe 

AMBIVHIS cc ovecevcccessnceeceocessenesssecees ev ereee seccessese sovccce Prrvesescece eoeee 849 
Anhalonium hydrochlorate, 642; see also ....+...- (83) 
Antidiphtheritic serum, method of collecting ... ** 930 
Anti-friction alloys, determination of bismuth in....... 683 
Antimony cinnabar, formation Of .....eseeeseeeeeece eae ceecescbues te 342 


Antimony, Reinsch’s test for, 953; utontiie, behavior with pudesettionte acid, 1032; 
separation from lead by means of hydrochloric acid, 1033; separation from 
copper by means of hydrochloric acid 3 








Argon, atomic weight of ......... Sein tee cove 
Arsenic, Reinsch’s test for, 953; separation from copper by means of hydrochloric 
acid, 1038; separation from silver by means of hydrochloric acid, 1039; separa- 
tion from cadmium by means of hydrochloric acid, 1039; separation from iron 
by means of hydrochloric acid, 1040; separation from zinc by means of hydro- 
chloric acid, 1041: separation from cobalt and nickel by means of hydrochloric 
acid, 1042; atomic weight of, 1044: separation of vanadium from....... Ss Sewhwen 1051 
Asphaltum, technical analysis Of .....-..++seseeeee e6ece ebeseccccs oc cccce- cocccccccce 275 
Associates elected . «-(1), (2), (26), (35), (36), (65), (71), (92 3). pene (124) 
Atomic masses of silver, mercury ined cnlaiaas determination of, by the electro- 
lytic method. ....ccccsccsccccces eoeecees oecvcncsocscccecsoes ++ 990 
Atomic weights, report of committee on, 197; of nitrogen wali arsenic......++. seeeeee 1044 
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AucHY, GEORGE. ‘The Precipitation of Phosphomolybdate in Steel Analysis, 170; 
Drown’s Method of Determining Sulphur in Pig-iron, 406: Sources of Frror in 
Volhard’s and Similar Methods of Determining Manganese in Steel, 498 ; Notes 
on the Determination of Phosphorus in Steel and Cast-iron.....- soeces ve scasatios O56 

AUSTEN, PETER TOWNSEND. A New Specimen Bottle (mote)..-+seeesececceeveceeees 412 

AVERY, S. See Nicholson, H. H. 

ZB8ACTERIA, study of gas-producing, 157 ; im milk SUQAT....eeee cess eeeeeeeese+ 687, (73) 


BAER, S. H. AND A. B. Prescott. Dipyridine Methylene Iodide and the Non-Forma- 
tion of the Corresponding Monopyridine Products, 988 ; see also Prescott, A. B. 


Balance, for first years work in general chemistry (note)..... sevecccccsccccccceesess I8Q 
Barium sulphate, the effect of an excess of reagent in the precipitation of ....... soe 993 
BASKERVILLE, CHARLES. Reduction of Concentrated Sulphuric Acid by Copper... 942 
Bauxite, analysis Of .--sccccccsccesscsccscccccccccscccccvssssocsecs cceccccccccccscesecess 780 
BEADLEC. See Cross, C. F. 

Beef Fat, microscopic detection in lard ....+++e+.+ee5 see cceccecescesscees sececcesecees 189 


BEESON, J. L. Occurrence of the Amines in the Juice of the Sugar Cane, 743; A Sim- 
ple and Convenient Extraction Apparatus for Food-stuff Analysis ....+s+ssseeses 744 
BENKERT, ARTHUR L. AND Smith, EdgarF. The Separation of Bismuth from Lead 1055 
BENNETT, A. A. and EK. E. Pammel. A Study of Some Gas-Producing Bacteria...... 157 
BENNETT, A. A.ANDL,. A. Placeway. The Quantitative Determination of the Three 
Halogens, Chlorine, Bromine and Iodine,in Mixtures of Their Binary Com- 
POUNAS....006 seccccees ecccccees eoeses oe etee.seoeee cocces 
Benza mide, heat of solution in ethyl alcohol ... 
Benzoin, action of acid amides upon, tor; action of urea upon, 118; action on 
thiourea upon......+... coccne oe ccccerccccsescececcces eccccccees 
Berthelot’s contributions to the history of chemistry (review) 
BEVAN, E. J. See Cross C. F. 
BIGELOW, W. D. Index tothe Literature onthe Detection and Estimation of Fusel 
Oilin Spirits ........... eoee 
Birch Wood Gum... ° ‘ 
Bismuth, estimation of, in anti- hatha alloys, 683; oxide, behavior of, with hydro- 
chloric acid, 1033 ; separation from lead by means of hydrochloric acid, 1034; 
separation from copper by means of hydrochloric acid, 1036; separation from 
lead, 1055; sulphide, solubility of, in sodium sulphide, 683; sulphide, solubility 
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of, in alkaline sulphides ......ccccesccecccecces seacens erccecee woesevseveness eeeeee IOQT 
Biarr, A. A. Method for the Determination of Carbon in Steel .... ...... cccccccecs 223 
Blowpipe analysis, some extensions of the plaster of Paris method in.......... coo §=— 849) 
Boiler scale, the presence Of Oi] im..+..eeeeeeeee- evens eoccccccccccccce covccccececcoves 741 

BOLTON, H. CARRINGTON. Berthelot’s Contributions to the pine of Chemistry 
(TEVIEW) cocccccccccccccccceses . - -466, (76) 


Book Reviews. The Scientific Foundations of Analytical Che mistry Treated in an 
Elementary Manner (Ostwald), 98; Practical Proofs of Chemical Laws (Cornish), 
99; Organic Chemistry. The Fatty Compounds (Whiteley), 99; Analytical Chem- 
istry (N. Menschutkin), 190; On the Densities of Oxygen and Hydrogen and 
on the Ratio of their Atomic Weights (KE. W. Morley), 192; Water Supply, Con- 
sidered Principally from a Sanitary Stand-point (W. P. Mason), 562; Hintson the 
Teaching of Elementary Chemistry in Schools and Science Classes (W. A. Til- 
den), 563; Chemistry for Engineers and Manufacturers (Betram Blount), 745; 
Laboratory Experiments in General Chemistry (C. R. Sanger), 747; Experiments 
in General Chemistry and Qualitative Analysis (C. R. Sanger), 747; Manual of 
Determinative Mineralogy with an Introduction on Blowpipe Analysis (Brush- 
Penfield), 1109; The Elements of Chemistry (P. C. Freer), 1110; Tables and Direc- 
tions for Qualitative Analysis (M. M. Pattison Muir), 1110; The Liquefaction of 
Gases (Michael Faraday) ......cccccecscsccccccccccccccccceces ccccccccccccvecsseses BIO 
Books received ...... Cvecceccccccccons voces 100, 196, 310, 414, 474, 564, 660, 747, 848, 1027, 1112 
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Bone phosphate, distinction from rock phosphate ......+..eeeeeeee seeseeee eocccsrese 4Q% 
Boracic acid, acidity of milk increased by .... 847 
Bottle for specimens .......++ ssesues seeneenes 412 
Brazil-nut, proteids of the ......seceeccscesecs dekeeudacetcavaesccees enengekansen esinna (GON 
Bromine, iodine and chlorine, indirect determination of, 185; quantitative determina- 

tion of, in mixtures of the binary compounds of the halogens .. 688 
BRYANT, A. P. A Method for Separating the Insoluble Phosphoric Acid in Mixed 

Fertilizers Derived from Bone and Other Organic Matter from that Derived from 

Rock Phosphate «.--eeccccccccerecee Pete e eee e eer eeeeteeeeeeeeereeeeess eeeeeees eeeee 4QI 
BUSH, CHARLES S. Petroleum Products........ (68) 
ByNedestin ...ccccccccccccccees ee eccccccccccocce 542 
ByMNin ..ccecceccecccecssecs seeoee eee TT Pe eT ‘ 552 
Butter, use of calorimeter in detecting adulteration of ........ sovcescses 174 
CACTACEAE, the chemistry of the.....eseeee socccesceees siete esdeisencdusosece 624, (83) 
Cadmium, atomic weight of, 205; preparationof pure, 1021; separation from arsenic 

by means of hydrochloric acid, 1039; bromide, eee of pure, 1023; chlo- 

ride, preparation Of PUre ...seeeeeeeeee Seadecetencde shacewiagtenccsenusecace ccccee 1022 
Caffeine, new method for estimation of, 331; perhalides of, 347 ; estimation of...... 978 
Calcium carbide, manufacture of, 311; estimation of sulphides in..............+ eos 740 


Calcium phosphide, preparation Of ..-sseceeeseeeeeees eucceweoonsece 

Calorimeter, use of, in detecting adulteration of butter and lard..... 

CAMPBELL, E. D. A Proposed Schedule of Allowable Difference and of Probable 
Limits of Accuracy in Quantitative Analyses of Metallurgical Materials ........ 35 

CAMPBELL, GEORGE F. See Osborne, Thomas B. 

Canned goods, Zas€S it..-cececccccccccccccccccccccees ereseceasecases 

Carbon, atomic weight of, 212; determination of, in ‘anal, 255: ‘ietemuiianiiions of, in 
aluminum, 771; dcieruiendinnn in pig iron, 1087: dioxide, determination by ab- 
sorption, 1; dioxide, en by growth of bacteria, 157; monoxide, constitu- 














tion Of ...ceecceccesceccevcecrcce oeceey cecees 286 
Carbonates, determination of carbon dioxide i 1D, cccvcccsveccesesce I 
Castor bean, proteids of the ......... sitecencne 
Cerium, atomic weight of..... We Ketecncenedae edewdeaceaadaekieecan anes 
Ces BUOTITE 000 cvedscccccevessece dsiaodaciewass Udeaaradetuneewsnncsad axadateneles 
Chemical Club in New York...... ° ‘ 

CHESTNUT, V. K. Poison Ivy asa Skin UerMaal oc ccececcasecededcscoccocesescces 


Chicago Section. See Meetings of the Society. 
Chloral hydrate, heat of solution in water, 150; inethyl alcohol, 153; in cloroform, 





155; intoluene........ tee eeeeeneeesceees reer reer ee ere eee Tee eee eee ee eee ere eee ey 156 
Chlorine, bromine and iodine, indirect Scboncabesaibinn of, 185; quantitative determi- 

nation of, in mixtures of the binary compounds of the halogens....... o eaedes ooe 688 
Chloroform from acetone made from acetic acid......seeeeeeeeceee oe cecccvcccccccocese 231 
Chromium, volumetric determination by means of hydrogen dioxide..........++..+. 918 
Cincinnati Section, See Meetings of the Society. 
Cinnabar, electrolytic determination of mercury it.....seseeeeeees oe ccceccccccccscece 096 
Citrate solution used in analysis of fertilizers, oll sta ‘al determining seule of 457 
CLARKE, F. W. Third Annual Report of Committee on Atomic Weights........ seeee 197 
CLARKE, THOMAS W. See Venable, F. P. 
Coal-tar colors, behavior toward the process Of digestion....-eessccececeeeeecceees «+ 1092 
COATES, CHARLES E., and W. R. Dodson. Nitrogen Assimilationin the Cotton Plant 425 
Cobalt, atomic weight of ......... bei waranceandus ene ecccccee ec eccccccccccccccccccccecs e+ 202 
Cobalt and nickel, separation from arsenic by means of hydrochloric acid ...... «+ 1042 
Cocoanut, proteids of the ........ 621 
COLLIER, PETER. Obituary note. 748 


Color, measurement of, in natural waters, 264; of potable water, valuation of, 484; 
photography, Lippmann’s work on......... eo eeveccccccsscce oo ccccccccesccccccces 933, 935 
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«+68, (70) 









Coloring matter of natural waters....... Semevianeckes ei sendes eu atens dtnvnawaedelaaie 
Columbium, reactions of oxides with carbon tetrachloride .... 
Columbium and tantalum, derivatives of....... sodcvcsccece Sbisevevenbecnsescmecwes roa. ae 
Compressed gases, NOteS OM -essecccceceeeees R 
CONE, EpwIn F. The Estimation of Pyrrhotite in a TIKES OTES coccccccccccccccceses 404 
Conglutin ...... eee eceee covvcccccscccccccccccccesees Cocccccce Ce rccccceccs co.ccccccccces + 609 
Congress of applied chemistry, second international........sssseeeeee +20 eeeeee 6307, 660, 923 
Copper, assay by iodide method, 458; accuracy of determination of, 814; as reducer 

of strong sulphuric acid, 942; separation from antimony by means of hydrochloric 

acid, 1035; separation from bismuth by means of hydrochloric acid, 1036; sepa- 








ration from arsenic by means of hydrochloric acids..+eeccsseececcecececeecs eoeses 1038 
COTrEeSPONENCE. «1 secesecescceccrccesesseesesecececceeess . + 660, 848, IIL 
Corrosion of electric mains.......+. eee -coccce rrerr rire rte (59) 







Corylin .....- ee etcceccceces toes eee 617 
Council, minutes of the .. (35), (57), (65), (71). (97), saa, (123) 
Cross, C. F., E. J. Bevan and C. Beadle. The Natural Oxycelluloses.........seeee0- 8 
Cupric oxide, behavior of with hydrochloric acid.... 





Wer CHALMOT, G. See Morehead, J. T. 

DEFREN, GEORGE. The Determination of Reducing Sugars in Terms of Cupric Ox- 
ide, 749; see also Rolfe, Geo. W. 

DELAFONTAINE, M. and C. E. Linebarger. On the Reaction between Carbon Tet- 


rachloride and the Oxides of Niobium and Tantalum............. ocevcccess soseee 532 
DENNIS, L. M. The Separation of Thorium from the Other Rare Earths by Means 
of Potassium Trinitride... .....csccececeece eocccces Ceeedicese cercccee «2 947 





DENNIS, L. M.and A. KE. Spencer. Zirconium Tetraiodide seccccecees 673 


DENNIS, L. M. and Martha Doan, with crystallographic notes by A. c. Gill. Some 


Compounds of Thallium..... eccceee ccccseoe Cov ecceccevcvccccscscccace eeccece +s 970 
DE SCHWEINITZ, E. A. and Nasion nny erties Notes upon the Fats con- 
tained in the Tuberculosis Bacilli-........... Oreccvccccccccce See corssevveces eee 449 


DE SCHWEINITZ, E. A. and James A. Emery. The Use of the Cotedunes' in 1 Detect- 
ing Adulterations of Butter and Lard ... 

Deuteroproteose...... oe eeeeeees eee cocccccees eoeee ee seees 557 

DEWEY, FREDERIC P. The History of Electric Heating Appliedto Metallurgy (Re- 
view), 287, (37); The Sulphuric Acid Process of Refining Lixiviation Sulphides, 

643, (76) ; The Actual Accuracy of Chemical Analysis ........ seseece eveeeee e808, (88) 
Diastase, the chemical nature of.........ee.005 
Diethyl malonic ester, preparation of.........+++- 
Digestion, behavior of coal-tar colors toward 
Dipyridine methylene iodide......... ocecesces 
Dipyridine trimethylene dibromide........... CSS OO KSC Re Ss es cedeedesdanesoions sescces 28 











Directors, minutes of the Board of.... 
DOAN, MARTHA. See Dennis, L. M. 
Dopson, W. R. See Coates, Charles E. 

DOREMUS, CHARLES A. Note on the Presence of Oil in Boiler Scale....... e ccccccce 748 
DORSETT, MARION. See DeSchweinitz E. A : 

Drying oven, steam jacketed.....cecccccevcccccsccccccccecs C00Cd Reoeccccnccecice ecacee (58) 
DuBois, H. W. See Mixer, C. T. 

DUDLEY, WILLIAM L,. Nickelo-Nickelic Hydrate....... see eeeeseceees ee eceeees oecccee gor 





EG BULLIOSCOPE, a modified form of .......eeseeeeeeeee . 
Editor’s report...... 
Electric furnace, Moissan’s ....... 2 Lae ne Rt oe 
Electric heating applied to metallurgy............0+- 
Electrolytic determination of iron, nickel and zinc 
Electrolytic stand, a cheap adjustable ........+..se008. eeeeee 
Evi_Ms, J. W. See Richards, Ellen H. 
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EMERY, JAMES A. See De Schweinitz, E. A. 





Errata cocceeeeescceeeees ere e cece ceeeeeneens 414, III2 
Etidorpha ‘ ree vigudebandsenncunses (68) 
EWELL, ERVIN E. The haba Of the Cactacede...ceecsececcececcesceseees +2624, (83) 


EWELL, E. E. and H. W. Wiley. The Effect of Acidity on the Development of the 
Nitrifying Organisms, 475; See also Wiley H. W. 

Excursions. To the works of the Grasselli Chemical Co.,(24); To works of Otis Steel 
Co., Continental Chemical Co., Cleveland Nitrous Oxide Co., (46); To works of 
Cleveland Varnish Co., Cleveland Rubber Co., Glidden Varnish Co., and War- 
ner and Swasey,(47) ; To petroleum works of Scofield, Shurmers and Teagel, 
(51) ; to Crescent Sheet and Tin Plate Co’s works, Emma Blast Furnace, Rolling 
Mills of Union Rolling Mill Co., Cleveland Rolling Mill Co., (53); To Case School 
of Applied Science and Adelbert College,(54); to Lorain Steel Works, (54); Recep- 








tion by Cleveland Chamber of Commerce..... SACS We KKene Hasna dea dee deemenameteds 
Extraction apparatus for food-stuff analysis .........eeeeeeeee Savevesscctocecsss 
FE®AcTORS, ay rn ee ee a we keews jedadivinvedethdnnes 
FARRINGTON, E. Acidity of Mitk Increased by Boracic Acid.. 
Fat, pt a solid fat in artificial mixtures of vegetable omar" aahaal fats ee 
oils, 259, (5) ; contained in bacillus tuberculoSis.....ssseeeeeeeeeceees eo tecceeceeee 449 
Fats, see oils. 
Ferric oxide, action of hydrochloric acid gas on ...... acnvevwn eecccsecsesvesesvcccace 100 
Ferrocyanides of zinc and manganese ......++++ Re dadkeacwwedwveses ctaweneae ecteacae Jadee, 2108 
Fertilizers, simple method for determining the neutrality of ammonium citrate solu- 
tion, 457; distinction between bone and rock phosphate.......++ ssseee ee 491 
Fiber determinations in bagasse, source of error in..... Prrrerrr errr eercceccces seees 462 


FIELD, CHARLES AND EDGAR F. SMITH. The Separation of Vanadium from Arsenic 1051 








FIELDS, JOHN. A Modification of the Gunning Method for Nitrates.. 1102 
Filbert, proteids of the..........s..00- iene saddnandedeedudea paldidie 618 
FIREMAN, P. A. New Mode of Formation of Tertiary a Quaternary P minutiae; (89) 
FLECK, HERMANN. ‘The Separation of Trimethylamine from Ammonia ....... «..- + 670 
FLINTERMANN, R. F. and A. B. Prescott. Dipyridine Trimethyline Dibromide,and a 
Study of Certain Additive Reactions of Organic Bases ...-.eseseeeseeeees tae sducase 28 
Food-stuff analysis, extraction apparatus for.....ssesseeeeees coectepaseede eeeecoses 744 
Foods, experiments on calorimetric value of . eee (63) 
FouLk,C. W. The Effect of an Excess of Reagent in the Precipitation of Barium 
Sulphate... .ceeecceeeceeececeeeceeeeeteceeecees Oe Cee wededeeuvenvsaeccecsccostancaue 793 
Fusel oil in spirits, index to literature on the Mieaations ner estimation of............ 397 


Gr AS pipette for absorption of illuminants, 67 ; regulator, simple form of, 511: gen- 










erators, some new forms of..... eccevcccescccevcese eccccccccece . 1057 
Gases produced by growth of bacteria...++-e.seeeeeee : 157 
GILL, AUGUSTUS H. An Improved Gas Pipette for the ‘Shitielian of ibiniiniaiiie 

67; see also Dennis, L. M. 

GILL, AUGUSTUS H. and H. A. Richardson. Notes upon the Determination of Ni- 
trites in Potable Water....-+-+++- cec'ceeee we nae ae 
GLADDING, THOMAS S. A Gravimetric Method of Estimating Phosphoric aie as 

Ammonium Phosphomolybdate, 23; Note on the Microscopic Detection of Beef 

Fatin ard, 189; On the Kstimation of Sulphur in Pyrites, 446; Determination 

of Iron Oxide and Alumina in Phosphate Rock by the Ammonium Acetate 

Method, 717; A New Method for the Estimation of Iron Oxide and Alumina in 

Phosphate Rock «+. «seeseeees PrePreeerrrreererr errr errr eee eee ee So essesssese 721 
GLASER, CHARLES. Estimation “i Thoria. Chemical Analysis al Mouazite Sand.. 782 
Glucinum, notes on preparation of.........- Cece cece ccccccccscccesccccscsecsseseecceees (104) 


Glucose and other invert sugars, indirect determination by means of hydrogen di- 


oxide ... 
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Gold, assay by cyanide process, 309; accuracy of determination of, in copper mate- 
rials, 816 : Cassel-Hinman bromine process for extraction Of ..-........+- o00e451, (61) 
GOMBERG, M. On the Action of Wagner’s Reagent upon Caffeine and a New Method 
for the Estimation of Caffeine, 331; Perhalides of Caffeine, 331; New Form of 








Potash Bulb ..... coccccces 
Gunning method for nitrates, modification of. vedeenesaeseucnnes 
EEX: ALIDES of platinum and potassium ...... bedemeewuaawaeeere cg ne Manne Kelsein seine eee 130 
Halogens, quantitative determination of, in mixtures of their binary compounds.... 688 
HANDY, JAMES OTIS. Aluminum Analysis .....-++seseeeeeeeeees * 766 
HARDIN, WILLETT LEPLEY. Determination of the Atomic Masses os Silver, Mer- 

cury, and Cadmium by the Electrolytic Method............sseeees ocecccccces sesee 990 
HART, EDWARD. The Valency of Oxygen and the Structure of connate Contain- 

ing It (review), 283; Notes on the isons OF GluCisie ses cccccccccascie © eeee(I04) 
Hazel-nut, proteids of the ......... reer reerrer er ere rere ree eee rere eee eovccece ececcceeee 618 
HAZEN, ALLEN. T he Measure ment of the Colors of Natural Waters ..... eovccccccce 264 


HEATH, G. L,. 








Heat of bremiuntion of oils..... coscecce 

HEIDENHAIN, H. On the Determination of Carbon Dioxide by peenmatlatens eee I 
Iie aN IE 5 564 os ey tudes wensndeceeneebaees piwnteneeahsawennde we 211 
Hepthy] thiocyanate......sssseeeees oe covcces oe eeccccccccccccccecccesccecs eecccecces (75) 
HERTY, CHARLES H. Mixed Double Halides of P ~ atinum and Potassium. sescee 130 
HERTY, CHARLES H. and J. G. Smith. Mercuric nn 906 
Heteroproteose «o+eeseeeeeeee Cece ee eeeeeeenseecceesesens eee eeceeeceeeeeeccecsceesces «+ 557 


HIBBS, JOSEPH GILLINGHAM. The Atomic Weights of N reeieivet and Arsenic........ 1044 
HINpsS, J. I. D. Photometric Method forthe Quantitative Determination of Lime 

and Sulphuric Acid... .ccccccccccce coccccccccccccesccccccccccccceccccccose cose encase G6E 
Honey, estimation of seein IM. cocccccccccccccccccccccccescccccveseccccces ceeseeee8I, 189 
HOPKINS, CYRIL G. A New Safety Distillation Tube for Rapid Work in Nitrogen 





Determinations...... eee eeee coeeeees eee cccccce ren sccccrasceseseccsccceeees a 227 
Howe, JAS. LEwIs. Contributions to the aeitniee of Ruthenocyanides 981 
HowE, JAS. LEwis and Paul S. Mertins. Notes on Reinsch’s Test for Arsenic and 

Antimony...-- tere eeeeeececeeeees eee eeereceeeceee oe enecccecereeeeees tteeeeeeeesseses 953 


Hydrochloric acid gas, ae separations by means of, 1029: action on sodium py- 
roarsenate, 1037; on ferric oxide, 1040: behavior of minerals in........seeeee+e+ 1043 











Hydrocyanic acid, preparation of.... ecccccccccccccce eoccceccccs 1009 
Hydrofluoric acid ...... eee cececccceccccecccccescececcescecccecs $e Seeesccececcccececees 415 
Hydrogen, produced by growth of bacteria, 157; density of, 198; dioxide, structure 

of, 283; dioxide, some analytical methods involving the use of..... Siaaewocenens 918 
Hydrolysis of starch by acids, an analytical investigation of 869 
XLLUMINANTS, gas pipette for absorption of ......... Vabiaes wiaeeatess ceueNewiaaae 7 
Indexing chemical literature, report of committee on....... ARAGON, Widaeinnun edebane 940 
Indirect analysis... .ccccccccccccsccsccccccccvcccescccccecee 182 
Inversion of sugar by salts......... POTETITITITIT TTI TTI TTT Tiree Tre eeeee 120 
Iodine, bromine, and chlorine, indirect determination of, 185: quantitative determi- 

nation of, in mixtures of the binary compounds of the halogens.........- veseeeces 688 


Iron, electrolytic determination of, 654; separation from arsenic by means of hydro- 
chloric acid, 1040; oxide, determination of, in phosphate rock by the ammonium 
acetate method, 717; oxide, estimation of, in phosphate rock, 721; volumetric 
determination by means of hydrogen dioxide........... woveavaens occecccsce 





Iron and steel analysis, presemt Status Of.....ssscceseeececescecrceecssssccees 
WJ OHNSON, S. W. Composition of Wood Guim............eeeee MeUCedee@ahenewaeenesic 214 
ESAOLINS, composition of American .....seeeceeeeeeeees SR ecccceccss QOD 


KEKULE, AUGUST. Obituary notice........+-- eoecces coccce eecccccccceccee toe coccceces IL07 
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KELLEY, JEROME, JR. and Smith, Edgar F. The Action of Acid Vapors on Metallic 
Sulphides...+--.-+++ Sec eecececccsccccsece ee eeeeeccrcccecesceccseseceens seeceecceceess 1006 
Koos, OT1s T. See Mabery, Charles F. 


TsACTOSE in milk, determination by double dilution and polarization ....... 428, III 






LANDIS, EDWARD K. Indirect Analysis.......... ccceses coe 182 

LANE, N. J. Determination of Sulphuric ase AA NR eC Eo 682 

Lard, use of calorimeter in detecting adulteration of, ancients detection of 
beef fat im ....cccccccccess eoecvccces wetcvcccccccccccccce ov ecccccccesccccceccccece ee 189 


Lead, volumetric estimation of, 737; separation from antimony by means of hydro- 
chloric acid, 1033 ; separation from bismuth by means of hydrochloric acid, 1034 ; 
separation of bismuth from, 1055; oxide, behavior of, with hydrochloric acid... 1032 













Leather, the value of refuse..... . cece eeenencccecceeececcscecseees «+ 565 
LEEDS, ALBERT R. Standard Prisms in Water auahe sis and the Valuation of Color 

in Potable Waters, 484; Bacteria in Milk Sugar.....eseeeeeeeeees 687 
Legumin of the pea and vetch..+..s.seeeeeeeee enae 583 
Lehigh Valley Section. See Meetings of the Society. 
LENHER, VICTOR. See Rising, W. B. 
LEUCOSIN .ccccccccccccccsocvce enseasegescccsave oe ceccce coccccce coe 547 
Levulose, estimation in honey, etc. 
Librarian’s report....seseseerees ee ee 
Lime, quantitative determination of, by weehemieiahe Method...cccccccccccccseces seeee 661 





LINDSEY, J. B. The Value of Leather Refuse aa 
LINEBARGER, C. EK. A Rapid Method of Determining the Sietaneiae Masses a 
Liquids by Means of their Surface Tensions, 514; see also Delafontaine, M. 
Linton, LAURA A. Technical Analysis of Asphaltum. No. 2.... 
Liquids, some thoughts about ...--+e..eeseee 





Litmus paper, best method of using 
LONG, J. H. On the Inversion of Sugar by Salts, 120; On the Inversion of Sugar by 


Salts, No. 2, 693; On the Formation of Antimony Cinnabar.....+.eesssseseceecees 342 
LORD, N. W. A Simple Method for Determining the Neutrality of the Ammonium 

Citrate Solution Used in the Analysis of Fertilizers ........seeeseceeseeseceeeeees 457 
Low, ALBERT, H. The Copper Assay by the Iodide Method...........- piedeeqneukwe 458 
LUNGE, G. On the Estimation of Sulphurin Pyrites ....cscssseesceereee seeeeseeenes 685 
Lupin, proteids Of .....+.seseeeeees Seescoccesweve eee cece ccceececcceecccseeccceees wesccece 622 


IVMEABERY, CHARLES F. Lecture on Petroleum, (20) ; See also Robinson, A. E. 
MABERY, CHARLES F. and Otis T. Klooz. Composition of American Kaolins...... aes ee 
Magenta, effect of, on peptic digestion, 1094; on pancreatic digestion 1095 
Malt, the globulin of, 542; the proteids of, 542; the albumin of, 547; the proteoses of 549 
Manganese, volumetric determination of, 228, (30); Sarnstr6ms method for determin- 

ing manganese in iron ores, 385; separation from tungstic acid, 1053; ferrro- 





cyanide; 1100; in steel, sources of error in Volhard’s method for determination 






of, 498 ; in steel, accuracy of determination ......... eecccceveccesccccee tecescteces 808 
DERUNNON: ccccceesccssecnses SbtcGtbs Mebwensemweda oe 310 
Mannite, heat of solution in water 151 
Mason, W. P. Chemical vs. Bacteriological Examination of Water 166 


MARTIN, WILLIAM J., JR. The Cyanide Method of Extracting Gold from its Ores. 
Application to the Assays of Ores Poor in Gold and Silver, Preliminary Notice 
(Mote) -occcccceee coovvcccce © eccece Co ccccccccecccceccs eeecccccccee pecccccccccccccce 309 

MATHEWS, J. A. Phthalimid, 679; See Miller, Edmund H. 

MCILHINEY, PARKER C. The Cassel-Hinman Gold and Bromine Process .....-451, (61) 

Meetings of the Society, (7), (101): of the = Island Section, (33), (43), (64), (68), 
(99), (120), (125) ; of the Cincinnati Section,(5),(33), (40), (60), (68), (72), (93), (126) ; 
of the New York Section, (2), (28), (37), er (61), (69), (72), (95), (120), (125); of 
the Washington Section,(27), (36), (38), (57), (66), (75); of the Lehigh Valley Sec- 
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tion, (32), (45) ; of the Nebraska Section (33), (41), (68), (94) ; of the Chicago Sec- 











tion, (42); of the North Carolina Section .....cccccccsccscccccsccccccccce +++e+(60), (97) 
Members elected ..... seewueeteenncoseseoees (1), (25). (26), (35), (65). ee Tt), (93). (119), (124) 
Mercuric, chlorothiocyanate, 906; oxide, preparation of pure, 1004; bromide, prepa- 

ration of pure, 1008; cyanide, preparation of..... rere te ce 0s nee neeee ++ IOIO 
Mercury, electrolytic determination in cinnabar, 96 ; electrolytic determination of, 

565 > TETRA Gl GIOEIC THESE OE 36.0 occ s cecncscscccevesnséscccedeeesievcces + 990 
MERTINS, PAUL S. See Howe, Jas. Lewis. 

Meta-cerium.......++- aagase Se evscerecescvcecevess Cteeberecbavoncacins scien 

Metal separations by means of hydrochloric acid gas ........ 

Metallic sulphides, the action of acid vapors OM...-sesesseeeeeeeees 

Metallurgy, electric heating applied to... 

Metaphosphinic acids....ccccccccccccccccccccccs coccccccvcsccccccccccccccccceccccces 
Methyl orange, effect on pancreatic digestion.....+-ssesssseeeseeeee Saisie basemekeekse + 1096 
Milk, the acidity of, increased by boracic acid, 847; amphoteric reaction of, (33); in- 

vestigation Of.....scccseeees errr ere Tre Seewehewes esceshabnnssanese occccccccccccce « (73) 
PE BRRE PACIANE Tilo bce sca cscerwesvensavesSpovedascoedeess onaieasaes dé daeaaewaee + 687 
MILLER, EDMUND H. Notes on the Ferrocyanides of Zinc and Manganese.....- I100 
MILLER, EDMUND H. and J. A. Mathews. Table of Factors ...... ° 





Mineral waters, composition of certain northwesternPennsylvania.. 
MIXER, C. T.and H.W. DuBois. Sd&rnstr6m’s Method of Determining Manganese 









in Iron Ores. ‘ 385 
Molasses, composition ot: ee cccccccccccece TTTITLTT TTT TC eeee 937 
Molecular masses of liquids, determination by means of surface tension........+.++ 514 
MGtyhdate SGlution, @ MOTE cess ccc cccscscicccsccccccedcscccesvecessecees ecvecccees 445 
Molybdenum, atomic weight Of 000 cccccccccvcccccccccccccseccscccocce Sareeccrccsvecece 207 
Monazite sand, chemical amalysis Of... cccccccccccccccccccccccccecsccscncs eoccece cocces 782 
MOREHEAD, J. T. and G. de Chalmot. The Manufacture of Calcium Carbide........ 311 
MOVER, J. BIRD. Metal Separations by Means of Hydrochloric Acid Gas... ++ 1029 


MUNROE, CHARLES E. On the Development of Smokeless Powder (review), 819; (66) 


INT APHTHALENE, heat of solution in methyl] alcohol, 152; in ethyl alcohol, 153; 
in propyl alcohol, 154; in chloroform, 155; in toluene, 156; synthetic prepara- 
tion Of .ccccccccccccccce ovece Pi bOsebaes ee teVedececesshed eencbesbacce ee 

Nebraska Section. See isiaidieaee of the Society. 

New Books, 98, 190, 562, 745, 1109. See Book Reviews. 

New York Section. See Meetings of the Society. 





Nickel, electrolytic determination Of .....ccsccccceccccccccccccccccccccccercccccccceces 654 
Nickel and cobalt. separation from arsenic by means ve hydrochloric acid........ 1042 
Wickelo-nickelic hydrates. ..ccsccecscscsccccdsccvcccccssoccevccccvcccesssccccses ececcces + OI 
NICHOLSON, H. H. and S. Avery. Notes onthe Electrolytic Determination of Iron, 

POR NCCN NN PAMGinis5¥ 6500s cere asstckcessesccecisssctenesedcueavecs sodesotgseseuses + 654 


Niobium, see columbium. 






Nitrates, modification of Gunning method for + 1102 
Nitric acid, preparation of pure...... sing WK UU SESE SaSoUwe ees MU be dese deseeunaenedeacnes aces 993 
Nitrifying organisms, effect of acidity on the ee OF cccccsccccccesescescoce ° 475 
Nitrites in natural water, determination Of ........ccccsccccccccccccccccccccccccccccces 21 
Nitrogen assimilation in the cotton plant, 425; determination of, in aluminum, 771; 
atomic weight of.....-..eseceeeee CSRS CCASSOOS OC Te Cs eseoederSreCCCCTeS dsb eseaceae® 1044 
Nitrogen determination, safety distillation tube for rapid ....-e.eeeeeeeeeeceeeeeeees + 227 
North Carolina Section. See Meetings of the Society. 
NORTON, THOMAS H. On Some New Forms of Gas Generators .-..--seseeeeceseeeees 1057 
NOteS. .ccccccccccccceccecces ee eeeee ee Seer errr 189, 307, 412, 558, 940, 1106 
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Unsurpassed asa Rapid Reference Work. 

A vast library in itself of Chemical, Medical, Pharmacal, 
Mineralogical, Technical, and Toxicological Science. By sub- 
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J. F. SLEEPER, 
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Graduate United States Naval Academy, 1866; Chief Chemist United States Board ap- 
pointed to test Iron, Steel, and other Metals, 1875; Chief Chemist United 
States Geological Survey and Tenth Census, 1880; Member 
American Philosophical Society, etc. 


New (Third) Edition. Illustrated. 8vo. Half Morocco, $4.00 


A complete account of all the best methods for the Analysis of Iron, 
Steel, Iron Ores, Limestone, Clay, Sand, Furnace Gases, etc., etc. Con- 
tains among new methods never before published, anew rapid method 
for the Determination of Nickel in Steel, by G. H. Chase. 

For sale by all Booksellers or will be sent post-paid upon receipt of 


neato price by the publishers ..... 


]. B. LIPPINCOTT COMPANY, 


PHILADELPHIA, 6 
12- 





FOR SALE 
Berichte der deutschen chemischen Gesellschaft. 1885 to 1896 
inclusive. 12 years. Three years bound. Complete $60. 





Cc. L. SPEYERS, 
Rutgers College, 
NEW BRUNSWICK, N. J. 














e « Journal of € * 


The American Chemical Society, 
Vols. Ito XVII. 
COMPLETE SETS of this Journal 


The Librarian, F. E. DODGE, 


ae ee 316 Bowne Ave., Flushing, N. Y. 


AT THE RATE OF 





oe —_—__—_ ® 
$3 A VOLUNE TO MEMBERS - - | 

- $5 A VOLUME TO NON-MEMBERS. 
@ ~ 8) 





Single Numbers of Any Issue May Also Be Obtained At Proportionate Rates. 














Bullock & Crenshaw, 


528 ARCH ST., PHILADELPHIA. 








Sole Manufacturers of 


DOOLITTLE’S 
TORSION VISCOSIMETER. 





— Sole Agents for — 
Dreverholf’s Filter Papers, 


SEND ror SAMPLES ano PRICES. 


The best washed 
Filters made. 


Marquart’s C. P. Chemicals. 
Baker & Adamson’s C. P.Chemicals. 


LABORATORY APPARATUS OF EVERY DESCRIPTION 


Munktell’s Swedish Filter-Papers. 
Bohemian Glassware. 
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YOUNG MEN rostupy CHEMISTRY 


Are wanted by the Chemical Department of Lafayette College. Applications for good 
men to fill responsible positions are constantly received. The present demand for 
chemists from this laboratory is largely in excess of the supply. 

Applicants for admission will be examined in English Grammar, Franklin’s Auto- 
biography, Paradise Lost (two books), English Prose Composition, Modern Geography, 
the General Outlines of History, Elementary Natural Philosophy, Arithmetic, Metric 
System, Algebra (through Quadratics, as in Davies’ Bourdon), Plane Geometry (six books 
of Davies’ Legendre, or an equivalent). Tuition, $111 a year; laboratory expenses, about 
$65 a year. Board, room rent, fuel, and washing, about $250 a year. Certificates of good 
moral character will be required. Only those willing to work need apply. Graduates receive 
the degree of B.S. 

The other college courses are as follows: CLASSICAL, GENERAL SCIENTIFIC, 
LATIN SCIENTIFIC, CIVIL ENGINEERING, MINING AND METALLURGY, ELEC- 
TRICAL ENGINEERING, and POST-GRADUATE. For further information address 


S. L. FISLER, A. M., Secretary, Easton, Pa. 
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All Apparatus for Experiments 
with X Rays. 


EDISON FLUOROSCOPES. 





EMIL GREINER, “= York. 
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Established 1842. Sugartown, 
J. BISHOP & CO., Chester Co., Pa. 
REFINERS AND MELTERS OF e 
MANUFACTURERS OF 
PLATINUM. e@ Crucibles, Evaporating Dishes. 
Old Platinum Bought and Taken Ignition 1 ibes,- 


in Exchange. And All Articles Made from Platinum 
Scrap Melted at the Shortest Notice. Used by Analytical Chemists. 


All — sent by Adams Express directed to J. Bishop & Co., Malvern Station, 
. R. R., will meet with prompt attention. Circulars sent free on application. , 
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Wm. PICKHARDT & KUTTROFF, 


(Badische Anilin & Soda Fabrik, Special Partner.) 


128 Duane St., New York. 


——-IMPORTERS OF—— 


ANILINE AND ALIZARINE DYES, 
AND ALL OTHER COAL-TAR COLORS. 
TECHNICAL CHEMICALS. 


LIQUID CHLORINE. ANHYDROUS SULPHURIC ACID. 


mum alSO Fuming, all streng ths 
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MAX KAEHLER & MARTINI, 


BERLIN, BERLIN, 
Germany, Germany, 


WILHELMSTR. 50. . WILHELMSTR.50. 





Manufacturers of and dealers in 


CHEMICAL APPARATUS. 


Our own shops for GLASS-BLOWING and GRINDING for the 
manufacture of APAPRATUS of PRECISION and THERMOMETERS, 


NEW: HOT AIR MOTORS, TURBINES AND SO ON. 





SPECIALTIES: 
Apparatus used in the Researches of Professor 
Rontgen, as: Batteries, Induction Coils, Air- 
Pumps, Tubes, Vacuum Tubes, etc. 


12-6 











Vacuum Pumps, 
Vacuum Apparatus, 
Air Compressors, — 
Acid Blowers, 
Filter-Press Pumps, 
Ammonia Pumps, 
Condensers, Etc. 





Guild & (jJarrison, 


Kent Ave., Foot of South roth St., 


Brooklyn, N. Y. 





Awarded Eleven Medals at Columbian Exposition, 1893 





RICHARDS & CO., Ltd., 


NEW YORK, CHICAGO, 
41 Barclay St. 108 Lake St. 





Chemical Apparatus——— 
Dr. Koenig’s Fine Chemicals, 
Microscopes. 


Platinum Ware. 


ATTENTION! 


Write for our new Catalogue. : 
2d Edition just out. 
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_ THE NICHOLS GHEMICAL Go. 


NEW YORK. 


$2 LIBERTY ST., MUTUAL LIFE BUILDING. 
~OXO~ 


WORKS. AT 
Laurel Hill, Queens Co., N. Y., 


Troy, N. Y., 
Syracuse, N. Y., and 
Capelton, P. Q. Canada. 


~ORxrO~- 


Alum. 
Oil Vitriol. Muriatic Acid, 
Blue Vitriol. 
Sulphate of Alumina. 


Sulphuric Acid Ninety-Bight Per Cent. 


Bi-Sulphate of Soda, 
Sulphate of Soda, 


Acetic Acid, 
Nitric Acid, etc., etc, 


Refiners of Copper 
“C.N.C.” and **L.N. S.’’ Brands, - 





INGOTS. ~ WIRE BARS. * CAKES. 
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